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ABSTRACT 

At the outset it was acknowledged that building an instrumtht which fully 
conformed to the contract requirements would require, as a minimum, break- 
throughs in the areas of Optics, Scan Design, and Detector Technology. 
Otherwise the ultimate resolution and temperature difference could not be 
achieved. Much time was spent in exhaustively evaluating a variety of 
promising techniques. As these were discarded, others would be investi- 
gated. Generally those techniques which could be easily implemented 
would be investigated. Experience gained as a result of these efforts 
has yielded three significant break-throughs which permit us to proceed 
with high confidence of success. These developments are in the fields 
of Optics, Scan System and Use of Detectors. 

In the Optics, it was decided to design the system intentionally to the 
diffraction limit as the limiting dimension thereby eliminating spurious 
signals from coma-shaped field plots. 

In the Scan System, a detailed study yielded the information that aberr- 
ations from a new and extremely unconventional scan system, the double 
helix, could be controlled to a smaller magnitude than more conventional 
sys tems . 
In the use of Detectors, two developments were significant; the planning 
of an experiment using an IR optical fiber.'as a focal plane light pipe 
to the detector element, and the use of an extremely small detector 
acceptance angle-aperture combination to enhance sensitivity of the detec- 
tor. 

The technology has therefore been developed to enable us to continue to 
Phase I1 with full confidence that the contract's specifications will be 
met. 



INTRODUCTION AND SUMMARY 

I n  accordance with provis ions of the  referenced con t r ac t ,  t he re  follows 
a r e p o r t  on the  work accomplished i n  Phase I. This work has  r e su l t ed  i n  
s e l e c t i o n  of techniques,  parameters and des ign  philosophy which w i l l  
permit cont inuat ion t o  Phase 11, the  a c t u a l  des ign  and cons t ruc t ion  of a 
prototype f o r  eva lua t ion .  

All major problem areas  have been inves t iga t ed  and s a t i s f a c t o r y  so lu t ions  
found. 
f o r t h  i n  the  work statement w i l l  be necessary.  

It i s  not  an t i c ipa t ed  t h a t  dev ia t ion  from the  s p e c i f i c a t i o n s  set  

The most c r i t i c a l  development problems were assoc ia ted  with des ign  of t he  
microscope. It w a s  thepefore decided t o  concent ra te  on t h i s  s ince  w e  are 
confident  t h a t  i f  a l l  of the major problems can be solved i n  the  micro- 
scope, o ther  t a r g e t  s i z e s  w i l l  be r e l a t i v e l y  easy t o  cope with.  

I n  microscope des ign  a Pfundt pierced mir ror  system w a s  chosen as provid- 
i n g  the most e a s i l y  workable arrangements of d e t e c t o r  t a r g e t  and scanned 
elements. It w a s  determined ea r ly  t h a t  an optimum system would be near  
t h e  d i f f r a c t i o n  r e so lu t ion  l i m i t  s o  i t  was planned t o  take advantage of 
t h i s  and conceive of a d i f f r a c t i o n  l imi ted  des ign  over t he  f u l l  f i e l d .  
This  r a t h e r  bold approach provides the advantages, t h a t  i f  t he  d i f f r a c t i o n  
l i m i t  can be achieved t h e  spo t  s i z e  on the  t a r g e t  w i l l  be t h e  s i z e  and 
shape of the  a i r e y  d i s c  thus insur ing  uniformity i n  both the  X and Y plane. 
Fu r the r  it insu res  that r ad ia t ion  from the  t a r g e t  i s  not  a f f ec t ed  by the 
geometry of t he  spot  s i z e .  It i s  the fundamental i nva r i an t  l i m i t  from 
which a l l  o the r  system va r i ab le s  can be taken. 

A polygon helix scan w i t h  X axis and Y axis d r iven  sepa ra t e ly  in synchro- 
nism by d i g i t a l  i npu t s  t o  two separa te  s tepping  motors was chosen for 
the inherent  accuracy the  system i s  a b l e  t o  achieve a t  small  scan d i s -  
tances  and f u r t h e r  f o r  the  f l e x i b i l i t y  a v a i l a b l e  f o r  a system of t h i s  type.  

The de tec to r  s tudy c a r r i e d  out  ind ica ted  t h a t  microscope systems having 
narrow image entrance cones y i e ld  a conf igura t ion  i n  which unusually high 
d e t e c t i v i t i e s  can be achieved providing the  d e t e c t o r  can be made background 
l imi t ed ,  There are of course drawbacks such as inord ina te ly  high d e t e c t o r  
impedances and consequent RC t i m e  constant  problems, bu t  techniques have 
been devised f o r  minimizing these.  Nonetheless values  f o r  d e t e c t i v i t y  
have been chosen conservat ively and s t i l l  y i e l d  adequate s i g n a l  t o  no i se  
va lues .  

Development e f f o r t  on da ta  processing has  been pr imar i ly  concerned with 
providing a workable system on a purchased p a r t s  b a s i s ,  
ever  t h a t  t he  g r e a t e s t  bene f i t s  from the  microscope system w i l l  y i e l d  

Recognizing how- 
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from a v e r s a t i l e  and ad jus tab le  readout system,emphasis on readout devel-  
opment has  been toward providing the  scanning e l e c t r o n i c s  and a l s o  the  
d e t e c t o r  amplifying e l ec t ron ic s  with an adequate populat ion of informa- 
t i o n  poin ts  t o  in su re  the  a v a i l a b i l i t y  of any d a t a  pickoff l a t e r  required 
by the  d a t a  processing. 

There follows then a r epor t  of the work accomplished dur ing  Phase I, a 
d e s c r i p t i o n  of the  des ign  which w i l l  be executed i n  Phase 11, and toward 
the  end of the  r e p o r t  a sec t ion  e n t i t l e d  "Anticipated Work" ind ica t e s  
broadly the  work p lan  developed f o r  Phase 11. 

-V - 



ENERGY TRANSFER 

The energy r e l a t ionsh ips  involved i n  t r a n s f e r  of radiance information 
from the  t a r g e t  i n t o  some usable  form f o r  t h e  opera tor  have been s tud ied ,  
Those parameters which it i s  believed w i l l  have a major cont r ibu tory  e f -  
f e c t  have been included. From these  parameters a mathematical model 
has  been der ived as shown i n  Appendix I. Transfer  of the information a t  
the  t a r g e t  t o  t h e  opera tor  can be considered as p a r t  of a t r a i n  cons i s t ing  
of the  following major elements : Optics ,  Scanner, Detector ,  E l e c t r i c a l  
Output. 

It w i l l  f i r s t  be assumed t h a t  a component i n  the  image plane i s  emi t t i ng  
a f ixed  amount of r a d i a t i o n  in to  a hemisphere. It w i l l  be the  func t ion  
of each of t he  subsequent elements i n  t h e  chain t o  c o l l e c t ,  channel and 
process t h i s  r ad ia t ion .  

O p t i c s  

The f i r s t  func t ion  of t he  o p t i c a l  system i s  t o  c o l l e c t  energy from as 
l a r g e  a s o l i d  angle  from the  component as poss ib le .  It i s ,  the re fo re ,  
incumbent on the  o p t i c s  t o  be as l a rge  i n  diameter and as c lose  t o  t h e  
t a r g e t  as poss ib le .  Furthermore, the  energy concent ra t ion  from the  t a r g e t  
should be def ined by the  u l t imate  o p t i c a l  l i m i t :  t h e  d i f f r a c t i o n  l i m i t .  

Opt ica l  e f f i c i e n c y  can be defined as the  percent  of energy not  absorbed 
by t h e  o p t i c s  and i t  is  obvious t h a t  t h i s  quan t i ty  should be kept  high. 

The f i n a l  func t ion  of t he  op t i c s  i s  t o  re-image t h e  t a r g e t  on the  foca l  
plane of t he  d e t e c t o r  i n  e i t h e r  minif ied o r  magnified form. 

Neglect ing t ransmission e f f i c i ency  the  r a t i o  of t h e  product of  t h e  col- 
l e c t i n g  cone and the s i z e  of a t a r g e t  t o  the  s i z e  of i t s  image t i m e s  its 
c o l l e c t i n g  cone i s  inve r se ly  r e l a t e d  t o  t h e i r  r a t i o  of energies .  There- 
f o r e ,  i f  a system i s  energy l imi ted ,  the  amount of magnif icat ion used 
should be only t h a t  necessary t o  image a s m a l l  spo t  s i z e  on a d e t e c t o r  
of usable  area. 

Scanner 

The e f f e c t  of t he  scanner i s  t o  s equen t i a l ly  in spec t  one r e so lu t ion  element 
on the  t a r g e t  a f t e r  another  insuch an  order  t h a t  information can be use-  
f u l l y  r e t r i eved .  The image of the  d e t e c t o r  should remain on each spo t  
f o r  a t  least one d e t e c t o r  time constant .  This, the re fo re ,  e s t a b l i s h e s  
the  bandwidth, the frequency of scan and the number of scanned elements 
w i t h i n  the t i m e  cons tan t  l i m i t s  of the  de t ec to r .  

-1- 



Scan e f f i c i e n c y  can be def ined as the  a c t i v e  duty cycle  o r  t h e  percent  of  
t i m e  t he  de t ec to r  image i s  focused on u s e f u l  t a r g e t  area. Therefore ,  t h e  
s i z e ,  shape and frame rate of the scanned area i s  a matter of s e t t l i n g  
the  t r ade -o f f s  a r i t hme t i ca l ly .  

AsC6 ''6 
- 

-- TARGET 
SCANNING DETECTOR - C¶ TB 

OPTICS '- 

BACKGROUND MECHANISM CHARACTERISTICS 

Detector  

ps  (S) - 
PN (N) 

The i n t e r r e l a t i o n s h i p s  of de t ec to r  parameters are descr ibed i n  the  l i t e r -  
a t u r e  (R.C. Jones , I R I S  ¶ E5nY1-%1,l?62,et a l )  and have been reviewed else- 
where i n  t h i s  cont rac t .  The basic  parameter with which w e  are he re  dea l -  
i ng  w i l l  be d e t e c t i v i t y  (D*) which i s  the  r e s u l t a n t  value of t he  o the r  
va r i ab le s .  The conversion of energy t o  e l e c t r i c a l  vo l tage  i s  done a t  the  
end of the  t r a i n  by a func t ion  c a l l e d  r e spons iv i tv  which i s  an experimen- 
t a l l y  v e r i f i e d  parameter which d i f f e r s  with each de tec to r .  

The i n t e r r e l a t i o n s h i p  of these v a r i a b l e s  can be seen below i n  equation 
form. Derivat ions can be found i n  Appendix I. 

i r!. 

4 4 
- S = A s  sin2@ t t  E e  (TB - TA ) 
N NEPAf 4 

(1 CPS) 

WHERE: As = 
€ =  

4 =  
TB = 
TA = 

AS s i n 2 6  = 

t t  = 

- 
2 

E =  

f =  
e =  

M =  
NEP = 

rn 4 

Area of the r ad ia t ion  source (cmL)  
Source emiss iv i ty  
Stephen - Boltzman constant  (5.6686 X1O'I2 WATTS/cm2/deg #) 
Temperature of t a r g e t  B (OK) 
Temperature o f  surrounding background (assumed t o  be ambient) 

So l id  angle  within which t h e  r a d i a n t  energy i s  co l l ec t ed  

Transmissivi ty  coe f f i c i en t :  due t o  var ious  t ransmission lo s ses  
Eff ic iency  of the scanning mechanism (Tota l  b i t s / s e c  4- t a r g e t  
b i t s / s e c )  
Frequency of t h e  t a r g e t  sampling ra te  (Tota l  b i t s / s e c  2) 
Detector  aper ture  e f f i c i e n c y  (f ixed area A s  and s o l i d  angle  
s in201) 
Magnification 
Detector  NOISE Equivalent Power 

-- 

(WATTS/CPSk) 
L 

S = System Independent Parameters X System Dependent Variables  = K1&K2 
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DETECTORS 

A comparison was made (Appendix 11) of the  b e s t  ava i l ab le  d e t e c t o r s  f o r  
the  in f r a red  microscope and i t  supports  the  viewpoint t h a t  f o r  the  wide 
range of app l i ca t ions  contemplated f o r  t he  device two d i f f e r e n t  d e t e c t o r s  
w i l l  eventua l ly  be necessary.  The f i r s t  d e t e c t o r  w i l l  f e a t u r e  the  u l t i -  
mate i n  d e t e c t i v i t y  f o r  the smal les t  spot  s i z e  although i t  i s  less con- 
venien t  t o  use.  

The second d e t e c t o r  f o r  l a rge  spot  s i z e  opera t ion  requi res  none of t he  
trauma assoc ia ted  wi th  l i qu id  helium and, t he re fo re ,  appears a t t r a c t i v e .  
The primary ob jec t ion  t o  i t s  use i n  the  microscope context  i s  t h a t  t h e  
d e t e c t o r  s e n s i t i v e  area cannot be reduced t o  the  .003 inch diameter nec- 
e s sa ry  f o r  t he  microscope image without  i ncu r r ing  major e l e c t r i c a l  prob- 
lems i n  the  form of increased de tec to r  t i m e  constant .  

The above i s  a judgment based on the  appended r epor t  which shows a few 
th ings  about the two types 'of de t ec to r s  which are s i g n i f i c a n t .  

The predominating c h a r a c t e r i s t i c  of these  d e t e c t o r s  i s  t h e i r  s e n s i t i v i t y  
t o  background. 
the  s e n s i t i v e  element which i s  no t  r a d i a t i o n  from the  t a r g e t .  Background 
can be i n  a v a r i e t y  of forms, f o r  example, energy emit ted from t h e  o p t i c s  
o r  from a s p e c t r a l  region i n  which the  t a r g e t  does not  e m i t .  Great care 
has  been taken i n  the  design of the  system t o  l i m i t  the  amount of back- 
ground radiance seen by the de tec tor .  

Background can be def ined as any r a d i a t i o n  de tec t ed  by 

S e n s i t i v i t y  i s  a l s o  a func t ion  of d e t e c t o r  aper ture .  Best s e n s i t i v i t y  
i s  achieved when d e t e c t o r  aper ture  i s  small but energy cons idera t ions  
l i m i t  the minimum diameter t o  about .003 inch. Larger numbers f o r  D* are 
a v a i l a b l e  wi th  smaller aper tures  b u t  d e t e c t o r  impedance becomes unworkably 
la rge .  The o rde r  of magnitude of impedances i s  shown i n  Appendix I1 and 
p r a c t i c a l  values  of impedance should not  exceed 50 megohms for two reasons.  
The f i r s t  i s  t h a t  signals ?=flectLng t h i s  impedance are extremely d i f f i c u l t  
t o  handle ,  a l s o  the  RC t i m e  constant  of the  d e t e c t o r  c i r c u i t  i s  increased.  
Trade-offs  can be e s t ab l i shed  experimentally f o r  scan t i m e  versus  s m a l l  
spo t  s i z e ,  bu t  i n  general  it w i l l  be found that  f o r  t he  o rde r  of 50 meg 
impedance the  RC t i m e  constant  w i l l  be on t h e  order  of 10 microseconds 
thereby n e c e s s i t a t i n g  a reduct ion by 10 i n  scan t i m e .  

The e f f e c t  of t h i s  can be minimized, however, and impedances reduced t o  
more workable values  i n  the  copper doped d e t e c t o r  s ince  i t s  impedance i s  
reduced w i t h  increase  i n  b i a s  values .  It is ,Chere€ore,  poss ib l e  t o  ob ta in  
reasonable  impec'..ance values and there':y good RC t i m e  cons tan ts  by b i a s ing  
'.he Je  :eccors at suita5l e i e v e l s  . 
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For the  f e a s i b i l i t y  breadboard model, i t  i s  proposed t o  use a Raytheon 
QKN1009 copper doped germanium d e t e c t o r  now i n  our possession. 
t o r  i s  a s tandard device and i s  amenable t o  modif icat ion f o r  experimental  
purposes. Detector  c h a r a c t e r i s t i c s  are l i s t e d  below: 

The de tec -  

QKN Module No. 2, Mounted i n  QKN1009 No. 117  

Material ....................... P-type copper doped germanium 
Window Material.. ............. .Barium f l u o r i d e  
Aperture Dimension.............Effective ape r tu re  diameter -.003 i n c  es 

Aperture Area ................ 7.06857 x 1O-I s q . i n .  (4.5603 x lO-5cn-1~) 
Aperture t o  Window Spacing 

( Ins ide  edge of ape r tu re  
t o  ou t s ide  of sur face  of 
window) ..................... .435 inches 

(7 .62~10-  !I cm) 

Acceptance Angle ............. 13.28 degrees t o t a l  angle 
D* (500,900,l)  300°K 

Operating Temperature ........ Background Temperature.. .... -2 x cm cps w a t t  
4' K. Liquid Helium 

Figures  1 and 2 show a sketch of the  breadboard protype i n  i t s  e x i s t i n g  
form and Figure 3 ind ica t e s  a poss ib le  extension of t h i s  i n t o  a f i n a l  
form t o  make i t  compatible with the  o p t i c a l  system. 

Figure 4 shows an experimental ape r tu re  cons i s t ing  of a s i n g l e  I R  f i b e r  
having outs ide  coa t ing  which l i m i t s  i t s  acceptance angle.  This a p e t t u r e  
i s  interchangeable  with the window and c l e a r  ape r tu re  f o r  experimental  
purposes. 

By tak ing  d a t a  f i r s t  w i t h  a clear ape r tu re  and then with t h e  f i b e r  aper -  
t u r e  i t  will be poss ib l e  t o  quan t i t a t ive ly  e s t a b l i s h  the  va lue  of t he  
f i b e r  as an o p t i c a l  element i n  an in f r a red  microscope. 

-4 - 
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OPTICS 

From the  opt ions suggested i n  the August monthly r epor t ,  an o p t i c a l  system 
has been se l ec t ed  t h a t  should provide s u f f i c i e n t  image q u a l i t y  t o  achieve 
spec i f i ed  spot  s i z e s  i n  t h e  microscope context .  Furthermore, s eve ra l  
schemes f o r  power changes have been suggested but  these  have not  been 
inves t iga t ed  as thoroughly. The microscope ob jec t ive  uses  a f i r s t  su r f ace  
a sphe r i c  mir ror  as i t s  bas i c  s t a r t i n g  poin t .  

This  system i s  designed t o  provide the h ighes t  performance l eve l  a t  a 
magnif icat ion r a t i o  of 7.62 t o  1.0. A f i r s t  approximation a lgeb ra i c  
s o l u t i o n  has been accomplished which i n d i c a t e s  t h a t  the  system w i l l  r equ i r e  
a moderate aspher ic  p r o f i l e  i n  the mir ror  su r face  i n  o rde r  t o  reduce t h e  
s p h e r i c a l  abe r ra t ion  and a minimum of one set  of co r rec t ing  elements i n  
o rde r  t o  e l imina te  the of f -ax is  coma. 

Then, i n  order  t o  provide the  one-to-one imagery and the  three-to-one 
imagery, f o r  t a r g e t s  of 0.25" and 1.0" x 1.0" r e spec t ive ly ,  it w i l l  be 
necessary t o  in t roduce  two separa te ,  primary imaging systems t o  perform 
the  i n i t i a l  de-magnification, The bas i c  mir ror  system plus  co r rec t ing  
r e f r a c t i n g  elements w i l l ,  of course,  provide the  f i n a l  imaging func t ion ,  
focusing the  energy on t h e  de t ec to r .  

Technical  Considerations 

I f  w e  assume t h a t  the  7.62 t o  1.0 system i s  the  b a s i c  u n i t  w e  have the  
fol lowing nominal parameter values:  

200 mm 1. Diameter of primary mir ror  --- 
2. Target d i s t ance  --- 260 mm 

3 .  Image d i s t ance  --- 1980 mm 

Conceptually,  t he re  i s  an exce l l en t  r a t i o n a l e  f o r  the  l a rge  diameter of 
t h e  o p t i c a l  system f o r  t h e  microscope. 
f u l  means of c o n t r o l l i n g  the  d i f f r a c t i o n  l i m i t  of a s m a l l  f i e l d  o p t i c a l  
system. Using a d i f f r a c t i o n  l imi ted  o p t i c a l  system over the  complete 
f i e l d  of view y i e l d s  a s i g n i f i c a n t  advantage: t h a t  of uniformity of ra- 
d iance  over t he  f i e l d .  There a re  few o t h e r  b e t t e r  means of engineer ing 
a system which can de r ive  a uniform f i e l d  p l o t  over  a 100 t o  1 range o f f  
a x i s .  It i s  n a t u r a l l y  poss ib le  t o  ob ta in  a uniform f i e l d  p l o t  by means 
of  f i e l d  f l a t t e n i n g  co r rec to r s  ( a l l  r e f l e c t i n g )  but  t he  most e l egan t  tech-  
nique i s  t o  use  an  e l i p s o i d  on a x i s  and t r y  t o  g e t  away wi th  a d i f f r a c t i o n  
l i m i t  over  the  f u l l  f i e l d .  The b l u r  o r  a i r e y  d i s c  would then be uniform 
f o r  the  system. 

Diameter i s  one of the  most power- 
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One f u r t h e r  advantage of t h i s  system i s  t h a t  i t  i s  very c lose  t o  u l t ima te .  
The only means by which f i n e r  r e so lu t ion  can be obtained i s  by f i l t e r i n g  
t o  a d i f f e r e n t  wavelength continuum o r  by a l t e r i n g  the  diameter of t h e  
primary. Short  of ob ta in ing  a d e t e c t o r  of v a s t l y  improved D* t he  system 
i s  reduced t o  these  fundamentals. 

This  t e n t a t i v e  conf igura t ion ,  showing a nominal se t  of co r rec t ing  o p t i c s ,  
f ab r i ca t ed  of potassium chlor ide,  i s  shown i n  Figure 5. I n  Figures  6 and 
7 are shown t y p i c a l  examples of a u x i l i a r y  types of o p t i c a l  systems t o  
provide the  required one-to-one and three- to-one imagery. While an a l l  
mi r ro r  type system i s  t o  be  prefer red ,  s i n c e  i t  i s  completely co lo r  f r e e ,  
t h e r e  are disadvantages i n  the forms of obscura t ion  losses .  Therefore ,  
an a l t e r n a t i v e  choice,  us ing  a l l  r e f r a c t i n g  lenses  i s  a l s o  i l l u s t r a t e d .  
Both of these  approaches require  d e t a i l e d  ana lys i s ,  however, t o  select  
the  most s u i t a b l e  configurat ion f o r  t h i s  appl ica t ion .  
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SCANNING 

Afte r  c a r e f u l  study of t he  ava i l ab le  techniques f o r  scanning out  a ras ter  
p a t t e r n ,  a polygon-helix scan system was chosen (Figure 8). This scan 
provides the following extremely u s e f u l  b e n e f i t s  f o r  t h i s  system: 

a. It i s  not  p o s i t i o n  c r i t i ca l  s ince  i t  does not  opera te  a t  the  
foca l  plane.  

b. It i s  f l e x i b l e ,  i n  t ha t  scan i s  cont ro l led  by adjustment of t h ree  
separa te  motions. 

c. It i s  a l l  r e f l e c t i n g  and introduces minimal o p t i c a l  d i s t o r t i o n .  

d .  It i s  amenable t o  a v a r i e t y  of scan pa t t e rns .  

The polygon-helix scan cons i s t s  of two separa te  scan techniques:  
h e l i x  which t r a n s l a t e s  the image of t he  t a r g e t  across  the  d e t e c t o r  i n  a 
s t r a i g h t  l i n e  and a t  constant  ve loc i ty  and the  polygon which i s  an  
inver ted  r e f l e c t o r  wheel. 

the  double 

He  1 i x  

The planes of t h e  su r faces  of both h e l i c e s  are normal t o  one another  and 
revolving them has  the  e f f e c t  of moving rays  p a r a l l e l  without  increas ing  
the  length of t he  o p t i c a l  ax i s .  

A small  amount of d i s t o r t i o n  i s  introduced owing t o  the  f a c t  t h a t  t he  
t raced  ray dev ia t e s  from a pe r fec t  orthogonal fo ld ing  system by the pitch 
of the  h e l i x .  Furthermore a h e l i x  i s  not  a f l a t  sur face .  A s tudy w a s  
i n s t i t u t e d  t o  e s t a b l i s h  the degree of abe r ra t ion  introduced by the  h e l i x ;  
i t  was found t h a t  d i spe r s ion  of the order  of one hundredth of a micron 
would occur a t  t h e  foca l  po in t  f o r  10-inch diameter  h e l i c e s  i n  the  con- 
f i g u r a t i o n  shown i n  Figure 8. The r e s u l t s  of t h i s  study comprise 
Appendix 111. 

While the  ca l cu la t ions  i n d i c a t e  t h a t  d i spers ions  r e s u l t i n g  from t h i s  h e l i x  
conf igura t ion  tend t o  be of a magnitude which w i l l  no t  be troublesome, i t  ' 

i s  planned i n  Phase I1 before f i n a l l y  committing ourselves  t o  t h i s  proced- 
u r e  t o  conduct a simple experiment. The experiment c o n s i s t s  of f a b r i c a t i n g  
s e c t i o n s  of h e l i x  and mounting them (Figure 9) .  Blur c i rc le  measurements 
w i l l  then be taken with v i s i b l e  r a d i a t i o n  of similar convergence and spo t  
s i z e  f o r  varying o r i e n t a t i o n s  of t h e  test sur faces .  Af te r  t hese  tests 
are complete, f a b r i c a t i o n  w i l l  commence. 
t h i s  program t o  reduce the  s i z e  of the  h e l i c e s .  

Every e f f o r t  w i l l  be made dur ing  
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Polygon 

The polygon shown i n  Figure 8 cons i s t s  of 100 sepa ra t e ly  ad jus t ab le  faces  
each or ien ted  on a c i r c l e  of radius  121.4 millimeters. Incoming r a d i a t i o n  
i s  folded onto the  polygon surface i n  such a manner t h a t  the  image plane 
i s  h a l f  way between the  mir ror  su r face  and the  a x i s  of  revolu t ion .  This 
regime uniquely provides a constant o p t i c a l  path length f o r  each f a c e t  i n  
t h e  o p t i c a l  path. 

Each f a c e t  i s  separated by an opening behind which i s  a black body r e f e r -  
ence source and a focus inge l l ipse .  
AC s i g n a l  from the t a r g e t  t o  a f ixed  reference radiance a t  t h e  end of 
each scan. 

The func t ion  of t h i s  i s  t o  clamp the  

For each r o t a t i o n  of the polygon ( o r  more properly the  centagon) each 
h e l i x  r o t a t e s o n e  t i m e  and one scan i s  completed. Motions of a l l  elements 
are monitored by a scan code modulator a t tached t o  each r o t a t i n g  element. 
The scan code modulator w i l l  take the  form of a series of ape r tu re s  he ld  
i n  mechanical synchronism with the  mir ror  f a c e t s  and a l s o  wi th  the  s t e p  
i n  the  h e l i x .  Pos i t i on  information w i l l  be provided t o  a s i g n a l  generator  
which d r i v e s  a wide range s tepping motor which imparts a motion through 
a gear  t r a i n  t o  s h a f t s  d r iv ing  the  h e l i c e s  and the  r o t o r .  The use  of 
t h r e e  motors incurs  no g rea t  add i t iona l  expense and y i e l d s  t h e  advantage 
t h a t  synchronism can be adjusted and experimentation c a r r i e d  on wi th  op- 
timum scan modes. 

The d r i v e  and servo c i r c u i t r y  w i l l  be explained f u r t h e r  i n  the  s e c t i o n  
concerned wi th  electrical  s igna l .  
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MECHANICAL DESIGN 

The scan mechanism i s  present ly  conceived as an i n t e g r a l  u n i t ,  schemati- 
c a l l y  i l l u s t r a t e d  i n  Figure 10. This assembly w i l l  be located a t  an 
appropr ia te ly  nominal d i s t ance  from the t a r g e t  pedes t a l  and ob jec t ive  
mi r ro r  assembly, the  d i s t ance  being ad jus t ab le  about t he  nominal t o  ob ta in  
proper focus a t  magnif icat ions determined by pedes t a l  pos i t i on .  

The assembly w i l l  conta in  an ad jus tab le  c o r r e c t i v e  l ens ,  two frame scan 
h e l i c a l  mi r ro r s ,  a segmented l i n e  scan mi r ro r ,  t he  d e t e c t o r  assembly i n -  
c luding  dewar f l a s k ,  and any required fo ld ing  mir rors .  The var ious  p a r t s  
w i l l  be supported on a cas t ing  of s u f f i c i e n t  r i g i d i t y  t o  prevent undesired 
r e l a t i v e  motion between elements of t he  o p t i c a l  path.  P o s i t i o n  adjustments 
i n  both r a d i a l  and a x i a l  d i r ec t ions  w i l l  be provided i n  order  t o  e l imina te  
excessive p rec i se  machining of t h e  cas t ing  a t  h e l i c a l  mi r ro r  and d e t e c t o r  
l oca t ions .  The ax is  of the segmented mir ror  w i l l  be f ixed  i n  pos i t i on  
because of mir ror  s i z e ,  complexity and p o s i t i o n a l  s t a b i l i t y  requirements. 
The plane which includes this a x i s  and t h e  center of t he  c o r r e c t i v e  lens 
w i l l  be the  f ixed  dimensional reference.  

Severa l  d r i v e  systems have been considered,  bu t  only the  more obvious 
des ign  d e t a i l s  have been discussed. However, bas i c  des ign  parameters 
have been q u a l i t a t i v e l y  stated. These inc lude  in t roduc t ion  i n t o  mir ror  
des ign  of the  l a r g e s t  moment of i n e r t i a  cons i s t en t  wi th  s i z e  as d i c t a t e d  
by o p t i c a l  requirements and with cos t  of both mi r ro r  base and motor. This 
i s  done t o  counterac t  the e f f e c t  of any unforeseen t r a n s i e n t s  which may 
occur i n  the  d r i v e  power source and in te rvening  l inkage. Viscous f r i c t i o n  
lo s ses  w i l l  be minimized by using such bas i c  shapes as d i s c s  and cy l inde r s ,  
and by maintaining reasonably l o w  bear ing pe r iphe ra l  v e l o c i t i e s  cons i s t en t  
wi th  r i g i d i t y  requirements. Di rec t  d r i v e  i s  favored over gears  because 
of t h e  inherent  impact t r a n s i e n t s  and n o n l i n e a r i t i e s  i n  spur  gears and 
the  very high cos t  of prec is ion  s p i r a l  gears.  However, t he  convenience 
of a p rec i s ion  d i f f e r e n t i a l  used as a con t ro l  s i g n a l  coupling device i s  
very a t t r a c t i v e ,  and remains under considerat ion.  The requirement t h a t  
t he  segmented mir ror  must be a "see through" device ind ica t e s  requirement 
of e i t h e r  capstan o r  o ther  r e l i a b l e  constant  speed per iphery dr ive .  
Otherwise, r e l a t i v e l y  th in-sec t ion  spokes w i l l  be required and w i l l  r e s u l t  
i n  increased windage power, a l a r g e r  motor, and the  p o s s i b i l i t y  of harmonic 
r o t a t i o n a l  modulation at the  n a t u r a l  frequency of the spokes. 

I n  the  event t h a t  d i r e c t  d r ive  of  h e l i c a l  mi r ro r s  i s  used, t he  s h a f t s  w i l l  
probably be cantilever supports f o r  the  mir rors  (Figure 8 ) ,  bu t  w i l l  be 
designed f o r  c r i t i c a l  speeds a t  least  s i x  t i m e s  maximum scan speed re- 
quirements. 
The p robab i l i t y  of outboard s h a f t  support  has  not  been overlooked, espec- 
i a l l y  when diameters g r e a t e r  than t en  inches are considered. All s t a t i c  
suppor ts  w i l l  be designed f o r  maximum r i g i d i t y  under dynamic loading and 
f o r  long-term s t a t i c  s t a b i l i t y  a t  a temperature of approximately 75'F. 

Dynamic balance of a l l  r o t a t i n g  members w i l l  be assured. 
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I n  the  event t h a t  i n d i r e c t  d r ive  by gears  and s h a f t s  are used, gear  too th  
and t o r s i o n a l  modulation w i l l  be given s p e c i a l  a t t e n t i o n .  Bearings w i l l  
be s e l f - a l i g n i n g  b a l l  types,  the probable except ion being the  support  
bear ing  f o r  t he  segmented m i r r o r  when pe r iphe ra l  support  i s  used. This 
bearing w i l l  probably be an ex t r a  l i g h t ,  l a rge  diameter  t h r u s t  type 
considered as an a id  t o  prevent l i f t i n g  due t o  c e n t r i f u g a l  a c t i o n  of t h e  
b a l l s  a t  h igher  speeds. 
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ELECTRONICS 

The In f r a red  Microscope cons i s t s  of the  fol lowing subsystems: 
S igna l  Amplif icat ion,  Scan Drive, Mode Function, Data Storage and Record- 
i ng ,  and Recorder Control and Display Systems interconnected t o  provide 
maximum f l e x i S i l i t y .  The block diagram f o r  t h i s  i s  shown. i n  Figure 11, 

Optics ,  

S igna l  Amplif icat ion System (Sweeping) 

This  system i s  dr iven  by a dual element d e t e c t o r  whose b i a s  and load 
r e s i s t a n c e  i s  ad jus tab le .  The output  of t he  dua l  element d e t e c t o r  is  
appl ied t o  a d i f f e r e n t i a l  input  of a "Tekt" 122 Low Level Preamplif ier .  
The output  of t he  preamp i s  applied through an a t t enua to r  t o  one of t he  
d i f f e r e n t i a l  i npu t s  of a second "Tekt" 122 Low Level Preamplif ier .  The 
output  of t he  second preamp i s  connected t o  the  Mode Function switch and 
a compression c i r c u i t .  

The compression c i r c u i t  develops a DC vol tage  which i s  fed back t o  the  
second d i f f e r e n t i a l  input  of the preamp. 
whose output  i s  a logari thmic funct ion.  

This produces an ampl i f i e r  

S igna l  Amplif icat ion System 

The output  of t he  f i r s t  d i f f e r e n t i a l  preamp is  fed  t o  t h e  inpu t  of a log 
ampl i f i e r  of Raytheon design. The output  of the  log ampl i f i e r  d r i v e s  a 
VTVM c a l i b r a t e d  i n  degrees cent igrade.  

Scan Drive System 

The r o t a t i n g  element speed i s  con t ro l l ed  by a "Digitork" motor d r iven  over  
t he  range of 144 t o  1440 s t eps  per  second. This r o t a t i o n  i s  appl ied t o  
a d i f f e r e n t i a l  gear  through a three-to-one s t e p  down. The d i f f e r e n t i a l  
gear  has  i t s  sp ide r  gears  dr iven a t  t h r e e  se l ec t ed  speeds of 0 RPM, 10 RPM 
and 100 RPM t o  give u s  an output speed range of .6 t o  6 RPM, 6 t o  60 RPM 
and 60 t o  600 RPM. 
motors. 

Appendix I V  conta ins  a brochure desc r ib ing  the  Dig i tork  

Drive f o r  t he  Dig i tork  motors i s  nominally accomplished by a pulse  d r i v e  
c i r c u i t  which generates  square wave pulses  of proper amplitude and spacing 
and a t  a frequency corresponding t o  t h e  des i r ed  motor speed. 

It i s  planned t o  use  two such motors, one d r i v i n g  the  h e l i x  p a i r  and one 
d r i v i n g  the  polygon. For normal scanning p a t t e r n s  a l l  of these  elements 
r o t a t e  a t  t he  same RPM but  d r ive  of t he  two scans was separated t o  permit 
a g r e a t e r  l a t i t u d e  of scan configurat ions.  For in s t ance ,  w i t h  t h e  polygon 
r o t a t i n g  a t  1 /4  the  speed of the h e l i c e s ,  25 l i n e s  would be scanned across  
the  f u l l  f i e l d  r a t h e r  than 100. 
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Figure 12 shows a schematic of the  scan d r i v e  log ic .  A pulse  d r i v e r  
generates  s i g n a l s  of proper shape, pu lse  du ra t ion ,  and frequency and 
t h i s  i s  fed i n t o  the  program logic  block. For normal opera t ion ,  no oper- 
a t i o n  i s  performed on t h i s  s igna l  a t  t h i s  po in t  except t h a t  i t  i s  divided 
and i d e n t i c a l  s i g n a l s  are sen t  a f t e r  s u i t a b l e  ampl i f ica t ion  t o  the  h e l i x  
motor and the  polygon motor. 
and the  polygon are obtained through use  of d i g i t a l  s h a f t  p o s i t i o n  encod- 
ers which feed pos i t i on  information back t o  the  log ic  modules. The poly- 
gon speed i s  f ixed  and as c lose  t o  l i n e a r  as poss ib le .  

Information on pos i t i on  of both the  h e l i x  

I f  t he  h e l i x  i s  slow o r  f a s t  with r e spec t  t o  the  polygon, a s i g n a l  is 
generated i n  the  l o g i c  module which slows o r  speeds up the  h e l i c e s  u n t i l  
they are once aga in  i n  synchronism. 
module, t he re fo re ,  is  t o  act  as a d i g i t a l  servo. 

One funct ion  of t he  program log ic  

Other funct ions of t he  log ic  module are t o  change scan ra te ,  change X 
scan  rate with r e spec t  t o  Y scan rate and permit manual scan and inspec-  
t i o n  of one l i n e  a t  a time, These d i f f e r e n t  operat ions are con t ro l l ed  by 
t he  program se tup  panel from which the  complete scan system is con t ro l l ed ,  

Mode Function System 

The Mode Function System cons i s t s  of s i g n a l  switching mat r ix  f o r  s e l e c t i n g  
the  following Mode Functions: 

H.F. S igna l  Display: This parameter presents  the  s i g n a l  and sync 
d i r e c t l y  t o  the  d i sp lay  u n i t  f o r  v i s u a l  presen- 
t a t ion .  

H.F. S igna l  Record: Presents  t he  s i g n a l  and sync d i r e c t l y  t o  the  tape  
recorder f o r  s to rage  of the information. 

H.F. S igna l  Record and Display: Combines Functions 1 and 2 f o r  simul- 
taneous viewing and s torage .  

H.F. S igna l  Playback and Display: Presents  t he  information from the  
tape  recorder  t o  the  d i sp lay  system 
f o r  viewing the  s to red  data .  

H.F. S igna l  Playback and Write: Presents  t he  information from the  
tape  recorder  t o  the  c h a r t  recorder  
f o r  permanent recording of t h e  s t o r e d  
da ta .  

L.F. S igna l  Record: Presents  the  s i g n a l  and sync t o  the  tape  recorder  
f o r  s torage.  

L.F. S igna l  Playback and Display: Presents  t h e  information from t h e  
tape  recorder  t o  the  d i sp lay  system 
f o r  viewing of the  s to red  da ta .  
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8) L.F. S igna l  Write: Presents t he  s i g n a l  and sync d i r e c t l y  t o  the  c h a r t  
recorder f o r  permanent recording of t h e  da ta .  

9 )  L.F. S igna l  Horizontal  Line Display: Presents  s i g n a l  and sync f o r  a 
s i n g l e  l i n e  t o  t h e  d i s p l a y  u n i t  
f o r  viewing. 

10) L.F. Playback and Write: Presents  t he  information from t h e  tape re- 
corder  t o  t h e  c h a r t  recorder  f o r  permanent 
recording of t h e  s tored  da ta .  

Def in i t i ons :  H.F. S igna ls  are s i g n a l s  which are generated a t  sweep speeds 
g r e a t e r  than 50 RPM. 

L.F. S igna ls  are s i g n a l s  which are generated a t  sweep speeds 
less than 50 RPM. 

Data Storage and Recording System 

The Data Storage and Recording System c o n s i s t s  of a tape recorder  (Sanborn 
390711) and c h a r t  recorder  (Sanborn 4500) whose s igna l s  are cont ro l led  by 
t h e  Mode Function switch and funct ions are cont ro l led  by t h e  recorder  
con t ro l  switch. 

The purpose of t h e  system i s  to  s t o r e  the  d a t a  f o r  subsequent d i s p l a y  
e i t h e r  on a one t o  one t i m e  base o r  as g r e a t  as thir ty- two t o  one t i m e  
base compression and/or permanently recording the  d a t a  e i t h e r  on a one 
t o  one t i m e  base o r  as g r e a t  as th i r ty- two t o  one t i m e  base expansion. 

Recorder Control Switch System 

The purpose of t h i s  system i s  to  con t ro l  t he  funct ions of t he  tape and 
c h a r t  recorders  and t o  provide the  power t o  the  u n i t  under test  when the  
recording systems have reached opera t ing  condi t ions.  

Control  Parameters 

1) 1 7/8ips  t o  6Oips: Remote con t ro l  of tape  recorder  speed. 

2) .25ips t o  1OOips: Remote cont ro l  of c h a r t  recorder  speed. 

3 )  Stop: This con t ro l  w i l l  s top the  record,  play,  f a s t  forward and re- 
ve r se  of t he  tape  recorder -- t h e  run of t he  c h a r t  recorder  and 
w i l l  remove power from the  u n i t  under test. 
in te r locked  with the footage con t ro l  of the  c h a r t  recorder  t o  
s top  t h e  system when the  c h a r t  paper runs out .  

This con t ro l  i s  
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4 )  Fas t  Forward: Remote cont ro l  of t he  f a s t  forward func t ion  of t h e  tape  
recorder .  

5) Reverse: Remote cont ro l  of the  r eve r se  func t ion  o f  the  tape recorder .  

6 )  Play: Remote con t ro l  of the play func t ion  of the  tape recorder .  

7) Play and Write: This cont ro l  w i l l  s tar t  the  cha r t  recorder  a t  a speed 
of .25ips and the  tape  recorder  a t  t he  se l ec t ed  p lay  
speed. After  fou r  seconds, the  cha r t  recorder  w i l l  
switch t o  t he  se l ec t ed  w r i t i n g  speed. 

8) Make Test and Write: This con t ro l  w i l l  s t a r t  the cha r t  recorder  a t  
.25ips.  Af t e r  four  seconds, i t  w i l l  switch the  
char t  recorder  t o  the  se l ec t ed  w r i t i n g  speed 
and energize the  make test  con t ro l  r e l ay .  

9)  Jog: Remote con t ro l  of the jog  func t ion  of the cha r t  recorder .  

10) Make Test and Record: This con t ro l  w i l l  s t a r t  the  tape recorder  a t  
the se l ec t ed  recording speed. Af t e r  fou r  sec- 
onds, i t  w i l l  energize the  make test  con t ro l  
re lay.  

11) Make Test and Display: This con t ro l  w i l l  s tar t  the  d i sp lay  system. 
After  fou r  seconds, i t  w i l l  energ ize  the  make 
test  con t ro l  r e l ay .  

Display System 

The Display System cons i s t s  of t h ree  subsystems f o r  viewing f i e l d  scan,  
s e l ec t ed  l i n e  scan and se lec ted  spot  of a se l ec t ed  l i n e  scan. 

F i e ld  Scan: The f i e l d  scan system app l i e s  the  s i g n a l  t o  t h e  "Z" a x i s  of 
the  osc i l loscope  through a v a r i a b l e  gain ampl i f i e r  t o  in t en -  
s i t y  modulate the beam of the  osc i l loscope .  The v e r t i c a l  and 
ho r i zon ta l  sync s igna ls  are appl ied t o  t h e  "X" and "Y" axes 
of t he  osci l loscope t o  provide a raster i n  sync wi th  the  i n -  
coming da ta .  

Se lec ted  Line Scan: The se lec ted  l i n e  scan system app l i e s  t he  s i g n a l  t o  
the  I1Y" axis  of t he  osc i l loscope  through a gated 
analog switch. 
t o  the  "X" a x i s  of t he  osc i l loscope .  

The h o r i z o n t a l  sync s i g n a l  i s  appl ied 

The t i m e  a t  which the  gated analog switch i s  turned 
on i s  a funct ion of t he  amplitude change of t he  stair-  
case s igna l  ( v e r t i c a l  sync).  The staircase s i g n a l  i s  
appl ied t o  a d i f f e r e n t i a l  ampl i f i e r  wi th  an a d j u s t -  
a b l e  reference.  When the  amplitude change crosses  
the  reference set  up i n  the  d i f f e r e n t i a l  ampl i f i e r ,  

-14- 



t he  ampl i f ie r  t r i g g e r s  a f l i p - f l o p .  
e r a t ed  by the  f l i p - f l o p  d r i v e s  the  set input  of a set 
reset f l i p - f l o p  turn ing  i t  on. 
f l i p - f l o p  turns  the  gated analog switch on. 

The pulse  gen- 

The output  of t h i s  

The sawtooth s i g n a l  (ho r i zon ta l  sync) i s  used t o  de- 
termine t h e  end of a l ine.  The sawtooth s i g n a l  i s  
appl ied t o  a Schmitt  t r i g g e r .  The t r a i l i n g  edge of 
t he  output pulse  of the  Schmitt  t r i g g e r  d r ives  a 
pulse  generator.  The output  of the  pulse  genera tor  
d r ives  the reset input  of t h e  set reset f l i p - f l o p  
turn ing  the f l i p - f l o p  o f f  i n  t u r n  turn ing  the  gated 
analog switch o f f .  

All l i n e s  can be sequen t i a l ly  viewed by turn ing  the  
gated analog switch on manually. 

Se lec ted  Spot of a Se lec ted  Line Scan: The s e l e c t e d  spot  of the  se l ec t ed  
l i n e  scan system app l i e s  the  s i g -  
n a l  from the  output  of the  select-  
ed l i n e  analog switch t o  the  "Y' 
a x i s  of t he  osc i l loscope  through 
a gated analog switch.  The pos i -  
t i o n  of t h e  spot  t h a t  i s  sampled 
i s  determined by the  amplitude of  
t he  sawtooth s i g n a l  (ho r i zon ta l  
sync). The width of t he  sampled 
spo t  i s  determined by a one-shot 
m u l t i v i b r a t o r  whose pulse  width 
i s  ad jus t ab le  which tu rns  t h e  gated 
analog switch o f f .  The spo t  pre-  
s e n t a t i o n  i s  a ba r  varying along 
the  9" a x i s  of t he  osc i l loscope .  
A t  a l l  t i m e  o the r  than the  select- 
ed spot  t i m e ,  a v a r i a b l e  bar  i s  
presented f o r  use as a re ference  
f o r  t he  se l ec t ed  spot  t o  any o the r  
spo t  i n  the  l i n e  and/or t h e  same 
s e l e c t e d  spo t  i n  any se l ec t ed  l ine.  

-15- 
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Raythe  on 

Tek t ron ix '  
RM 122 

QKN-1009 
- 

10 M e g - a  
50 pf 

H P  400DR 10 M e g A  
15-25 pf 

T  ek t  r onix  
RM503 

T e k t r  onix 
RM 125 

Sanbo r n  
650-900 P T U  

- - 

1 M e g A  
47 pf 

- 

- 

- 1 M v / c m  to 20V/cm 

I 

I T E M  

I OUTPUT 
IMPED-  - INPUT 

, LEVEL ANCE 
I 

I 
OUTPUT/  
LEVEL 

D e t e c t o r  

2 o v p - p  (XlO - 

1ov p - p  (XU 

6v p e a k  m a  

Low L e v e l  
P r e - A m p  

1000 A 20 Mv (XlOOO) 
100 Mv (X100) 

Log 
A m p l i f i e r  2000 2 '- 

VTVM . O O l  to 300 
VRMS (full  s c a l e )  

. 5 to 1OV ( d i r e c t )  - I  1 .2  t o  5V (FM) 
100 JL 

_-. I. - - - 
a p p r o x  6V (di ;  
a p p r o x  3V (F1 

T a p e  
R e c o r d e r  

Sanborn  20 K-?. 
3907A 

Sanbo r n 1 0 0 K ~  
6 56- 2 900 

P r e- Amp 

-I- 
-.-- 7. I -  Sanborn  

4500 
Optic a1 
R e c o r d e r  

O s c i l l o s c o p e  

P o w e r  Supply 

P a p e r  T a k e  UT 
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GAIN SPEED wsc BANDWIDTH PRICE 

XlOO 
XlOOO 

- .2 c p s  to 40kc 
$ 140 

00 to 100 
Pre-amp 

2500 
Mer Ami 

300 to 12OOcps - 400 

255 3ocys  to 
4 . 5  mcs 

-~ 

5680 
300 cys to 60, 30,15, 7-1/2 
1OOKC (Direct) 3-3/4,1-7/8 ipi 

0-1OKC (FM) 

3-5KC (for a - 2495 --I Chart width - 8''  
2 . 5 , 1 . 0 , . 5 , . 2 5  
ip B 

Chart lgth. - 200 ft. 
(normal') . 

350 ft.'(thin) 

1. c.  to 450KC - 

-- 

I 57 0 

I 



ANTICIPATED WORK 

I n  an e f f o r t  t o  ob ta in  every t i m e  advantage, long lead i t e m s  w i l l  be 
procured by the  end of January. Opt ica l  elements w i l l  be re leased  f o r  
purchase p r i o r  t o  January 22,  the experimental  h e l i x  w i l l  a l s o  be purch- 
ased t h a t  week as w i l l  t h e  f i r s t  Dig i tork  motor. 

The mechanical design w i l l  be s t a r t e d  simultaneously with o p t i c a l  des ign  
and completion w i l l  occur very soon a f t e r  o p t i c a l  design i s  f in i shed .  
There are a p t  t o  be some long lead t i m e  bear ing  assemblies and complex 
machining problems which w i l l  be re leased  a t  the  earliest  convenient t i m e .  
A heavy load of i n t e r n a l  shop t i m e  has been scheduled f o r  reasons of 
f l e x i b i l i t y .  

E lec t ron ic  c i r c u i t r y  has been p a r t i a l l y  designed. Completion of t h i s  and 
purchase of necessary components w i l l  be of a lesser c r i t i c a l  na ture .  

For a f u r t h e r  expanded desc r ip t ion  of the a n t i c i p a t e d  work, see t h e  
program plan  and i t s  accompanying manpower overlay.  

-16- 
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MANPOWER OVERLAY 

Technical personnel p a r t i c i p a t i n g  during the  cur ren t  period are: 

Current Previously 
Name & T i t l e  Period Reported To ta l  t o  Date 

R. Vanze t t i ,  Mgr. Qual i ty  Assur. 2.0 2.0 

G. Mathis , Pro jec t  Engineer 36.0 180.0 216.0 

S.  Bobo, S r .  Engineer In f r a red  40.0 - 40.0 

P. Chunko, Engineer 144.0 824.0 968.0 

W. Bauke, Senior  Engineer - 86.0 86.0 

M. Hinkle,  Mathematician 243.0 176.0 419.0 

R. Grant, Engineer 80.0 - 80.0 

R. Gal l ipeau,  Consultant 80.0 154.0 234.0 

F. Orabona, Technician 144.0 80.0 224.0 

J. S toddard , Engineer 24.0 - 24.0 

R. Powden, Technician - 56.0 56.0 

P. Debye, I - R  Consultant - 120.0 120.0 

A. Krutchkoff,  Engineer - 40.0 40.0 

793.0 1716.0 2509.0 

Rate of expendi ture  i s  approximately 81.5% of p lan  
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C ONCLUS I ON 

The e x t r a  t i m e  used i n  Phase I has given Raytheon a high level of conf i -  
dence i n  the proposed design.  While i t  i s  not  now poss ib le  t o  p red ic t  
areas i n  which the  time may be regained,  no f u r t h e r  s l ippages  are envis -  
ioned. It must be noted t h a t  the s l ippages  are not  excessive i n  l i g h t  
of t he  work t h a t  was done during the  t i m e  used. The prel iminary study 
i s  the  key t o  success o r  f a i l u r e  of the whole e f f o r t .  It w a s  necessary 
the re fo re  t o  exhaust ively inves t iga t e  every promising approach. Further-  
more i t  was necessary t o  confirm these  inves t iga t ions  with s u i t a b l e  co r r -  
obora t ive  ca l cu la t ions .  This has been done and has  l ed  t o  several break- 
throughs and one f i l e  f o r  patent  r i g h t s  on the  behalf  of NASA. Appendix 
V invent ion  d isc losure .  The planned work i s  wi th in  reasonable l i m i t s  of 
our  c a p a b i l i t i e s  and the instrument design adequately def ined and w e l l  
w i th in  the  s ta te  of the  a r t .  
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- _ _ _ _ _  - .- \ Appendix I 1 

SCOPE 
RECORDER 

.I 

.! 

PROBLEM Define a system t h a t  can m e e t  c e r t a i n  func t iona l  requirements, 

These requirements are given i n  terms o f :  
1. Target Area Resolut ion 
2. Target Thermal Resolut ion 
3. Target Scanning Rate 
4. Data Disposit ion 

APPROACH The f i r s t  s t e p  i n  the  program w a s  t o  de f ine  a func t ion  f o r  
t h e  system as a whole which would express t h e  r e l a t i o n s h i p  
between the system elements. The boundary condi t ions  and 
physical configurations could then be examined and t h e i r  
e f f e c t  on the sys tem compared. 

We begin by cons t ruc t ing  a system block diagram arranged so 
t h a t  t h e  elements occur i n  t h e  order  of t he  energy t r a n s f e r .  

Considering t h a t  t h e  input  .to one element is the  output  of the 
proceeding one we can cons ider  t h e  elements as "black boxes" 
having outputs as follows: 

1. Target Output +bEA+ = K1 

KI x s i n  20 tt 
* 

i 
I 2. Optics Output 

I 3. Scanner Output K 2 x E  = K 3  
df5 

' 4. Detector  Output K3 x e &  = K4 
I NEP 

. 5. Amplifier Output K 4 x G &  = K 5  

I 6.a Scope Output (Raster) 

amp 

K5 x G &  = Is& ( I n t e n s i t y  modulated 
raster d isp lay)  

6.b Scope Output ( l i ne /po in t )  K5 x Gy =A y(E) 

K5 x G 6 + R ( s )  ( f l u x  dens i ty  r a t i o  of 

(Line o r  po in t  v e r t i c a l  n 
j d e f l e c t i o n )  

6.c Recorder Output (tape) 
a SIN on tape) R 

Because t h e  treatment of the system equat ion beyond t h e  d e t e c t o r  
element is  confined l a rge ly  t o  a s i n g l e  regime of e l e c t r i c a l  s i g n a l  
ampl i f i ca t ion ,  w e  can i n t e r r u p t  the complete func t ion  while  preserv ing  
cont inui ty ,by  d iscuss ing  only the  f i r s t  fou r  elements i n  terms of a 
d e t e c t o r  output (S/N) r a t i o .  

I 

I ___-_ . - .- -1- 



0 

' 0  

I 

I 

I I Arranging theforegoing terms i n  an equation, we have f o r  a 
general  sys tern: 

I 
I 
I 
I 

1) (i) - A a r f 0 T 4  s i n  ' 0  tt  E Af-% e(NEP)-l& 

The terms i n  t h i s  equation include physical  constants ,  
cont rac t  requirements and system va r i ab le s ,  and are 
grouped i n  tha t  order  below f o r  i d e n t i f i c a t i o n ,  

Physical  Constants - i s  t h e  Boltzman Constant 

e is  the  sur face  emiss iv i ty  (assumed t o  be 
1.0 f o r  t a r g e t s )  

Contract Specification-As is  the  a rea  of the  instantaneous t a rge t .  

T is  the  operat ing temperature a t  the 
t a r g e t  a rea  As  

Af is the bandwidth of the t a r g e t  sampling 
r a t e ,  and i s  a func t ion  of the  scanning 
rate. 

' 

System Variables s i n %  

tt 

E 

e 

NEP 

is  a funct ion of t he  s o l i d  angle 
wi th in  which t h e  t a r g e t  rad ian t  energy 
is col lec ted  

is  the  c o l l e c t i v e  transmission 
c o e f f i c i e n t  

i s  the  scanning mechanism e f f i c i ency  

i s  the  de t ec to r  acceptance angle 
e f f i c i ency  

i s  the  de t ec to r  s p e c i f i c  NOISE 
EQUIVALENT POWER 

is  the  de t ec to r  energy conversion 
f ac to r .  



The numerical valves of the group A and B terms are discussed belo . .i' I 
I 

Group Physical Constants 

= & - 5.67283 & ,0037 X watts .crnm2 .deg'4K 
4 
Where C is the radiation constant defined as 

I 
=7.56942 - + .0049 x lom5 erg.~rn'~.deg'~K, = 8v5 k4 

1- 
b is the second radiation constant defined as 

b = hc - = 1.43848 & .0034 cm. deg 
k 

E = emissivity; a numeric between 0 and 1.0 and for purposes 
of discussion here, the targets are assumed to have an 
emiss5vity of 1.0. 

i 
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A f  Bandwidth = f 2  - f l  

I 
I 

j -  
The system is  required t o  scan the  t a r g e t  f i e l d s  a t  a rate 
extending t o  10 f i e l d s  o r  frames per second. 

From the  d i scuss ion  of As, t he  f i e l d  i s  composed of t a r g e t s  
having diameters equivalent t o  1/100 of t he  nominal f i e l d  
dimension. This gives us  i n  e f f e c t  a f i e l d  of 100 l i n e s ,  
with each l i n e  containing 100 t a r g e t s  o r  b i t s .  - 

f2 Since we are required t o  reso lve  the  temperature d i f f e r e n c e  
between t a r g e t s ,  we can examine a "worst case" condi t ion  
by al lowing a l t e r n a t e  t a r g e t s  along each f i e l d  l i n e  t o  have 
a temperature TI, while t h e  remaining t a r g e t s  are assigned a 
temperature T2. I n  scanning therefore ,  t h e  sens ing  element w i l l  ' 

see a l t e r n a t e l y ,  P1 and P2, t h e  r ad ian t  energy a s soc ia t ed  wi th  
temperature T1 and T2. The c y c l i c  na ture  of t h e  received energy 
now becomes func t ion  of t he  scanning speed, wi th  each cyc le  
having a wavelength of two b i t s  . 

f i 

f 2  E WHERE f 2  is  the modulation frequency i n  cyc les  p e r  second. 
2 N is  the number of b i t s  per frame 

F is the number of frames per yecond. 

f 2  104 x 10 - 50KC 
2 

f i  - 
I 

FIELD CONFIGURATION FOR f 2  FIELD CONFIGURATION FOR f l  

m e n  w e  consider an extended t a r g e t ,  such as might occupy t h e  
length of the t a r g e t  f i e l d ,  then the  b i t  s i z e  i s  increased two 
orders  of magnitude so that i n  s u b s t i t u t i n g  i n  t h e  above 
equation w e  have: 

lo2 X 10 
2 

The frequency bandwidth bver which the  d e t e c t i o n  c i r c u i t  
must opera te  can now be determined. 

= 500 CPS. 

, A f  = f 2  - f i  = 49,500 CPS. 

1 -. -5 -  
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(cont ' d . ) 
ein2 0 For purposes of computing energy transmission, t he  

func t ion  sin20 when mul t ip l i ed  by the r a d i a t i n g  source 
area de f ines  the s o l i d  angle  wi th in  which the  energy 
w i l l  be co l lec ted  by t h e  c o l l e c t i n g  aper ture .  

- 

Opt ica l ly ;  8 is defined as the  angle subtended a t  the  
center o f  the ob jec t  area by t h e  o p t i c a l  a x i s  and a 
marginal r a y  extending t o  t h e  edge of t h e  aper ture .  L 

~n equiva len t  expression f o r  s in2  e i s :  

WHERE F is  the F/number o f  t he  system and is  equal t o  
the  focal  length f ,  d iv ided  by the ape r tu re  diameter  D. 

M is the system magnif icat ion and is equal t o  
the  image diameter divided by the  ob jec t  diameter.  

t t  COLLECTZVE TRANSMISS ION COEFFICIENT - 
tt  = tl x t2 x t 3  x t4 

WHERE : 

tl i s  the d i f f r a c t i o n  l o s s  c o e f f i c i e n t  
t2 i s  the r e f l e c t i o n  l o s s  c o e f f i c i e n t  
ts i s  the  r e f r a c t i o n  l o s s  c o e f f i c i e n t  
t 4  is the  obscuration l o s s  c o e f f i c i e n t .  

is  determined by mul t ip ly ing  t h e  percent of t he  energy 
contained i n  a t a r g e t  image b l u r r  c i r c l e  J ,  by t h e  percent 
of t h e  b l u r r  c i r c l e  area covered by the  d e t e c t o r  ape r tu re .  
( f o r  a d i f f r a c t i o n  l imi ted  system) 
l e t  t l  = J x Ad 

ABC 
a t  the d i f f r a c t i o n  l i m i t ,  J Y . 8 5  so t h a t  
ti= .85 Ad 

ABC 
The optimum condition f o r  tl e x i s t s  when t h e  a rea  of t he  
d e t e c t o r  aper ture  equals exac t ly  the  area of t h e  b l u r r  
c i r c l e  i n  which case,  tl = . 85  

r e f l e c t i o n  l o s s  c o e f f i c i e n t  2 t 

For any o p t i c a l  system, a po r t ion  of t h e  t ransmi t ted  energy ' 
is  l o s t  a t  each su r face  t h a t  l i es  i n  t h e  o p t i c a l  path.  The 
loss sustained i s  proportioned t o  su r face  r e f l e c t i v i t y  and 
i s  determined by t h e  su r face  condi t ion  f o r  otherwise opaque 
materials. 

It is  customary t o  spec i fy  t h e  r e f l e c t i v i t y  f o r  a given 
material as t h e  percent of energy K r e f l e c t e d  when the  
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d i r e c t i o n  of incident  energy i s  normal t o  the  plane of 
the  r e f l e c t i n g  su r face ,  s6 t h a t  a l l  values  of t 2  a r e  
between K 
0 a s  the incident  angle approaches Oo. 

1f . I i  i s  the energy inc iden t  on a r e f l e c t i n g  sur face  a t  an 
angle  0 with respect  t o  the  normal, the  r e f l e c t e d  
E r  can be determined from: 

for an inc ident  angle j ,  of 90' and approaches 

energy 

- I i  = K cos 0 
fi  

The r a t i o  of E r / E i  i s  the  c o e f f i c i e n t  t 2 .  

! 
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I* 
1 Refraction loss  coe f f i c i en t  

As with t h e  r e f l e c t i o n  c o e f f i c i e n t ,  a l l  r ad ian t  energy 
inc iden t  on a su r face  i s  d i s t r i b u t e d  i n  th ree  modes. It may 
be r e f l e c t e d ,  absorbed, o r  t ransmi t ted .  I n  p r a c t i c e ,  a l l  

not opaque t o  t h e  wavelength of the r a d i a t i o n  of i n t e r e s t .  

If I 

t3 
- 

' 

t h r e e  modes are involved, p a r t i c u l a r l y  with those materials 
, 

is t he  quant i ty  of i nc iden t  energy, then: 
j 

Ij = I, + I, + It 
WHERE 1, is  the quant i ty  of r e f l e c t e d  energy 

Ia is the  quant i ty  of energy absorbed 

It i s  the quant i ty  of energy t ransmi t ted  

For r e f r a c t i v e  elements, such a s  the  window f o r  t h e  
evacuated de tec to r  dewar, o r  c o r r e c t i v e  lenses,we are p r imar i ly  

so t h a t  
i n t e r e s t e d  i n  the energy t ransmi t ted  thru  the  r e f r a c t i v e  medium 

1, = Ij - I, - 21, 

(The r e f l e c t i o n  c o e f f i c i e n t  of 2 i s  required because the re  w i l l  
be two sur faces  for an element, each of which r e f l e c t s  a po r t ion  
of the inc ident  rad ia t ion . )  

Table below lists some materials t h a t  are f r equen t ly  used a s  
r e f r a c t i n g  o r  o p t i c a l  elements i n  the  inf ra red  
r ad ia t ion .  
11t3" and r e f l e c t i o n  c o e f f i c i e n t  )lt2". 

region of 
They are l i s t e d  toge ther  wi th  t h e i r  corresponding 

MATERIAL 
Potassium Chloride 

U ( A ) ( r )  
,932 10 

U y 4  
.068 1 

Potassium Iodide ,95 10 . lo6 12 
Sodium Chloride .925 12.5 .075 10 

Barium Fluoride .923 8 .077 

Potassium Bromide .916 10. .084 10 
.9 t o  40 .136 10 Cesium Iodide  

S i l v e r  Chloride .8 t o  18 .195 10 
Cesium Bromide .884 t o  26 .116 10 
Thallium Chloride .782 10 , .218 10 
KRS -5 .726 t o  30 .284 10 

For succeeding arguments i n  t h i s  study, w e  w i l l  use the  va lue  
f o r  t corresponding to Potassium Chloride: o r  .932. The t o t a l  

of r e f r a c t i v e  elements i n  t h e  system. 
numer 2 c a l  value w i l l  then be t 3  = .932N where N is  t h e  number 

-8- - r 
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t 4 -  OBSCURATION COEFFICIENT 

The obscuration coe f f i c i en t  t 4 ,  does not appear i n  the  t r a n s f e r  
equation f o r  e i t h e r  a d i f fkac t ive  o r  r e f r a c t i v e  system. It does 

and r e f l ec t ed  o p t i c a l  axes a r e  coincident.  The obscuration is due 
t o  the  blocking e f f e c t  of the  r e f l e c t e d  energy of t he  plane of t he  
objec t  . 

I however appear f o r  those r e f l e c t i v e  systems i n  which the  inc ident  

One method of expressing t4 ,  i s  t o  express i t  a s  a r a t i o  of the  
objec t ive  aper ture  area Aa t o  the projected a rea  of the  obscurat ion 
c i r c l e  AOB 

The obscuration a rea  AOB =GRo2, where Ro = q T e n 8  
and T o n & =  r o  . ro  i s  the  rad ius  of  the obs t ruc t ing  element. . 

q-P 
Other. equivalent  expressions f o r  t 4  a r e  :- 

- e  

I 

i 

* i  
I 

-9 - 



E SCANNING MECHANISM EFFICIENCY 

The scanning mechanism e f f i c i e n c y  can be expressed i n  
e i t h e r  of two forms,i.e., t i m e  o r  b i t s .  

I n  tenns of t i m e ,  t h e  e f f i c i e n c y  i s  t h e  r a t i o  of t h e  
t o t a l  elapsed t i m e  from the  beginning of one frame t o  
t h e  beginning of t he  next,  t o  t h e  a c t u a l  t i m e  on t h e  
t a r g e t  f i e l d .  

E = 9 
tt  

where tf i s  the a c t u a l  t i m e  on t h e  f i e l d  
f t  i s  the  t o t a l  elapsed time from the 

beginning of frame a)  t o  the  beginning 
of frame b). 

e 

I n  terms of b i t s ;  t h e  e f f i c i e n c y  i s  t h e  r a t i o  of the t o t a l  
number of b i t s  from frame t o  frame, t o  the number of b i t s  
i n  one frame. 

E = N2 - whereNf i s  the  exac t  number of b i t s  i n  one frame . 
N t  N t  i s  the  t o t a l  number of b i t s  from frame t o  

frame. 

Detector  Aperture Eff ic iency-  

The d e t e c t o r  aper ture ,  a s  wi th  any ape r tu re  i n  an o p t i c a l  
system can be described by a func t ion  t h a t  expresses the 
f i e l d  of view, t h e  acceptance angle and t h e  a p e r t u r e  
diameter. 

As we s a i d  e a r l i e r ,  the  diameter f o r  t h e  d e t e c t o r  i s  
optimun when its area Ad, corresponds exac t ly  t o  the  
b l u r r  circle a rea  of t he  o p t i c a l  system. 

It becomes apparent a l s o  t h a t  t he  acceptance angle  becomes 
optimum when it agrees with the  o p t i c a l  convergence 
angle 0l, so t h a t  t h e  o p t i c a l  a p e r t u r e  completely f i l l s  t h e  
f i e l d  of view of t h e  d e t e c t o r  ape r tu re .  ERGO; f o r  a given 
sys tem : 

Ad = BCA 

sin2 f = sin2 0' where /I i s  defined as t h e  h a l f / a n g l e  
of acceptance f o r  t he  de t ec to r .  

I f  the op t i ca l  system i s  ad jus ted  t o  focus a t a r g e t  of 
d i f f e r e n t  s i z e  but  maintaining t h e  image f i e l d  cons tan t ,  
then t h e  convergence angle w i l l  change. 

-10- 
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I -  I f  the  new convergence angle  0” i s  smaller  than 0 l ,  the  
de t ec to r  w i l l  see a f i e l d  l a r g e r  than the  o p t i c a l  aper ture  
and conversely; i f  011 is  l a r g e r  th ru  0 l ,  the  o p t i c a l  aper ture  
will be e f f e c t i v e l y  stopped down: reducing the  quant i ty  of 
energy from the  t a r g e t  t h a t  is  received by the  detectol;. 

The2coeff ic ient  e ,  then can be expressed as t h e  r a t i o  of the 
s i n  funct ion or:  

e = sin2 (assuming the BCA remains constant)  Tiiq ! 

I n  the discussion of var ious o p t i c a l  systems, i t  w i l l  be seen 
t h a t  the above assumption does not  hold f o r  c e r t a i n  
configurat ions.  The e f f e c t  of varying BCA w i l l  be discussed 
i n  more d e t a i l  as t h e  var ious  o p t i c a l  configurat ions are 
presented, i n  which case : 

e = Ad s in2  @ 

WHERE: Ad is the de t ec to r  ape r tu re  area and 2 0 is the 
acceptance angle.  

e ‘ =  Detector energy conversion f a c t o r .  

The de tec to r  conversion f a c t o r  i s  usua l ly  expressed as the 
de t ec to r  responsivi ty  which i s  def ined as: 

R = V, - 
P t  Ad 

WHERE: R i s  the d e t e c t o r  respons iv i ty  i n  v o l t s  per  watt. 

Pt is the RMS power f l u x  dens i ty  of the  r a d i a n t  energy 
incident  on the  d e t e c t o r  i n  w a t t s / c m *  

Ad i s  the a rea  of the d e t e c t o r  ape r tu re  

V, i s  the RMS d e t e c t o r  output s i g n a l  v o l t  

GT - vs = E(RL Rc) 
(RL + N 

g e  given a s :  

E i s  the d e t e c t o r  b i a s  supply vol tage 

RL is the load impedance 
Rc i s  the d e t e c t o r  impedance 
If i s  the d e t e c t o r  t i m e  constant  
N is the  number of carriers exc i t ed  thermally (Nt) 

and by background (Nb) . 

G is the c a r r i e r  generat ion rate, given as: 

G =  oc Js ( X I  
.~ -11- ’ 
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1. 

i s  the de t ec to r  element absorp t ion  c o e f f i c i e n t ;  

Q' 

N, 

is the c ros s  s e c t i o n  of t he  impurity l e v e l  (cm2) 

i s  the d e n s i t y  of t he  impurity l e v e l  i n  atoms 
per CM3 

Js ( 2 )  i s  the number of photons absorbed per u n i t  area, 
per u n i t  t i m e  and is  r e l a t e d  t o  t h e  t o t a l  number 
of inc ident  photohs by: 3, ( 3  ) = Js ( 0 )  e' A %  

x i s  the th ickness  of the d e t e c t o r  .element. 

NEP Detector  Noise Equivalent Power. 

The d e t e c t o r  NEP i s  defined as the  RMS value of the 
s inuso ida l ly  modulated r a d i a n t  power which w i l l  cause an 
RMS s i g n a l  voltage t o  equal  t h e  RMS noise  vol tage  of t he  
d e t e c t o r  

WHERE PT i s  the RMS power f l u x  dens i ty  i n  w a t t s / c m 2  
A 
V s  i s  RMS s i g n a l  vo l tage  
Vn i s  RMS noise  vol tage  

i s  the area of t he  d e t e c t o r  ape r tu re  i n  an2 

A f i s  the  bandwidth of t h e  measuring condi t ions  i n  
CPS . 

n 

To p r c  om I o  A t  c P 
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DETECTOR STUDY 
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APPENDIX I1 

, A COMPARATIVE EVALUATION OF COPPER ACTIVATED GERMANIUM AND MERCURY ACTIVATED 
GERMANIUM INFRARED DETECTORS 

In t roduct ion  

The purpose of t h i s  program i s  to  compare the  performance c h a r a c t e r i s t i c s  

of copper ac t iva t ed  germanium (Cu:Ge) and mercury a c t i v a t e d  germanium (Hg:Ge) 

photoconductive i n f r a r e d  de tec to r s .  

The performance f a c t o r s  of t he  de t ec to r s  and the  fundamental parameters which 

determine de tec to r  performance are described. 

Discussion 

General 

The most common performance f a c t o r s  used t o  desc r ibe  t h e  s e n s i t i v i t y  of 

i n f r a red  de tec to r s  are no i se  equivalent  power, d e t e c t i v i t y  and responsivi ty .  

Appendix I def ines  these  performance f a c t o r s .  

These performance f a c t o r s  a r e  qua l i f i ed  by spec i fy ing  test condi t ions.  The 

s tandards of the i n f r a r e d  indus t ry  being a 500' Kelvin t a r g e t ,  a 900 cps chopper 

and a bandwidth normalized t o  a one cps. (e.g., NEP (500, 900, l).) 

Detector  Cooling 

I n  order t o  achieve peak performance from photoconductive i n f r a r e d  de- 

t e c t o r s  they must be operated background l imi t ed .  

de t ec to r  is s a i d  t o  be background l imited when t h e  electrical conduct iv i ty  of 

t he  d e t e c t o r  i s  determined only by photons inc iden t  on the  de t ec to r ;  t h i s  is  

achieved by making the  thermal ion iza t ion  n e g l i g i b l e  by cool ing the  de t ec to r .  

This i s  i l l u s t r a t e d  i n  Figure 1 which i s  a graph of thermal and background 

noise  versus  temperature f o r  Au:Ge, Hg:Ge and Cu:Ge de tec to r s .  Refer r ing  to  

Figure 1, the  Hg:Ge* d e t e c t o r  is background l imi ted  below approximately 33'K; 
above t h a t  temperature i t  would continue t o  opera te  bu t  wi th  decreased sens i -  

An in f r a red  photoconductive 

t i v i  t y  . 
Cu:Ge opera tes  background l imited below approximately 15OK. 

achieve t h i s  opera t ing  temperature some cryogenic method must be used. 

requires mounting the  d e t e c t o r  i n  a cryogenic dewar. 

I n  &der to  
This  

A convenient way of 

obtaining temperatures i n  t h a t  range is by the  use of l i q u i d  helium; l i q u i d  

hydrogen a l s o  can be used a t  reduced pressures  when t h e  explosiveness of 
hydrogen is of no concern. 

Hg:Ge opera tes  background l imited below 35'K. Hg:Ge can be cooled by 

cryogenic l i q u i d s  (i.e., helium, hydrogen o r  neon) by t h e  same techniques as 
Cu:Ge. However, s eve ra l  c losed  cycle  r e f r i g e r a t o p s  which can s u f f i c i e n t l y  . 



'I 

I 

I 

cool  Hg:Ge a r e  commercially availab'le, 

f r i g e r a t o r  eliminates the  l o g i s t i c s  problems assoc ia ted  with cryogenic l i q u i d s  

and requires only e l e c t r i c  power. 

Operation with the  cryogenic re- ' 
I 

Detec t iv i ty  

I n  order t o  optimize s e n s i t i v i t y  we must  reduce t o  a minimum t h e  number 

of photons a r r i v i n g  from the  background. 

ing  the  background. 

f o r  3, 6,  and 15 microns d e t e c t o r s  as a func t ion  of background temperature. 

However s ince  cooling the  background wi th in  the  f i e l d  of view is  not  poss ib l e ,  

the  r a d i a t i o n  emi t ted  from the  background must  be reduced by use of cooled 

band pass f i l t e r s  which a t t enua te  background r a d i a t i o n  g r e a t l y  and l e t  t h e  

s i g n a l  r ad ia t ion  pass.  

u n f i l t e r e d  Hg:Ge germanium and Cu:Ge germanium. 

This  could be accomplished by cool-  

Figure 2 shows t h e  v a r i a t i o n  of peak d e t e c t i v i t y  (D* ) 

Figure 3 i s  a spectral response curve of f i l t e r e d  and 

As a resul t  of the aforementioned background cons idera t ions  the  d e t e c t i v i t y  

(D*) i s  a l s o  a func t ion  of t h e  acceptance angle  (0). The acceptance angle is  de- 

fined as the t o t a l  s o l i d  angle  of r ad ia t ion  t h a t  can be inc iden t  on the  de t ec to r .  

D* (0) - 1 
D*( 180') 

-- 
0 Sin  y 

0 Figure 4 is  a graph i l l u s t r a t i n g  the  e f f e c t  of t he  acceptance angle of 

It  has been observed t h a t  d e t e c t i v i t y  increases  a l s o  with de- d e t e c t i v i t y .  

c reas ing  aper ture  s i z e .  

made with copper a c t i v a t e d  germanium and mercury ac t iva t ed  germanium de tec to r s .  

I n  theory,  t he  d e t e c t i v i t y  should be independent of t he  ape r tu re  area; the  ob- 

Figures  5 and 6 i l l u s t r a t e  experimental  measurements 

served v a r i a t i o n  i s  most probably due t o  the  f a c t  t h a t  t h e  acceptance angle  i s  

not  equal ly  w e l l  def ined f o r  a l l  areas. 4 

The d e t e c t i v i t i e s  of Hg:Ge and Cu:Ge a r e  equal ly  high. Both de t ec to r s ,  
' 

when background l imi t ed ,  i nc rease  in  d e t e c t i v i t y  with decreasing background 

r a d i a t i o n  and a re  most s e n s i t i v e  fo r  s m a l l  a r ea  aper tures .  

Responsivity 

The respons iv i ty  of mercury doped germanium and copper doped germanium 

are e s s e n t i a l l y  equal.  

i nc reases  with decreasing ape r tu re  a rea .  

as a func t ion  of ape r tu re  area. 

w e l l  s u i t e d  to  high reso lu tkon  systems. 

It has  been found experimentally t h a t  t he  respons iv i ty  

Figure 7 i l l u s t r a t e s  the  r e spons iv i ty  

The above makes both Hg:Ge and Cu:Ge d e t e c t o r s  
* 
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Impedance 

The impedance i s  another parameter which mus t  be considered s i n c e  high 

r e s i s t a n c e  d e t e c t o r s  may e x h i b i t  a RC t i m e  cons tan t  which is  considerably longer 

than the  i n t r i n s i c  d e t e c t o r  response. 

x 2.0 x lo5 = 1.8 x lom6 seconds). 

This r e s u l t s  i n  reduced frequency re- 
sponse (e.g., C 6.0 x 10 -12 farads,  R 5: 2.0 x 10 5 ohms, and I /  I = 6.0 x 

The impedance of photoconductive i n f r a r e d  d e t e c t o r s  i s  dependent on ma- 

terial r e s i s t i v i t y , c o n t a c t s ,  operating temperature, d e t e c t o r  geometry and back- 

ground r ad ia t ion .  The dependence of d e t e c t o r  impedance on background radia- 

t i o n  i s  shown i n  Figure 8, i n  which repeated measurements were made on Hg:Ge 

and Cu:Ge de tec to r s  wi th  var ious  aper tures  on the  de t ec to r s .  While recen t  

work (i.e., on material r e s i s t i v i t y  and on geometry) has  considerably reduced 

the magnitude of t h e  impedances shown, it is  clear t h a t  impedance must  be a 
major cons idera t ion  i n  s e l e c t i n g  aper ture  s i z e .  

sulat ion can s u b s t a n t i a l l y  reduce the impedance of t h e  d e i e c t o r ,  

- 

I n  add i t ion  t o  background r a d i a t i o n  proper d e t e c t o r  geometry and encap- 

Both Cu:Ge and Hg:Ge have approximately t h e  same r e s i s t i v i t y  a t  t h e i r  

opera t ing  temperatures and are a f f ec t ed  s i m i l a r l y  by background rad ia t ion .  

However, we must a l s o  cons ider  dynamic impedance. Nei ther  Cu:Ge nor Ge:Hg 

e x h i b i t  ohmic behavior, 

dynamic impedance is s u b s t a n t i a l l y  reduced. 

impedance versus b i a s  vo l t age  f o r  a t y p i c a l  Cu:Ge de t ec to r .  

When h igh  b i a s  vo l t ages  are appl ied  t o  Cu:Ge the 

F igure  9 is a curve of dynamic 

I n  t h e  case of Hg:Ge, t h e  dynamic resistance i n i t i a l l y  decreases w i t h  i n -  

c r eas ing  vol tage  and as h igher  b i a s  vo l tages  are appl ied  t h e  dynamic impedance 

passes through a po in t  of i n f l e c t i o n  and increases .  

the dynamic impedance is reduced t o  approximately ,609. of t h e  s ta t ic  impedance. 

This is i l l u s t r a t e d  i n  Figure 9 .  

A t  t h e  optimum b i a s  vo l t age  

0 

From the  standpoint of dynamic impedance Cu:Ge i s  the b e s t  choice. 

Time Constant 

The response t i m e  of both t h e  Cu:Ge and Hg:Ge i n f r a r e d  d e t e c t o r s  is  less 

than  1 microsecond. 

d e t e c t o r ,  dewar and preampl i f ie r  combination. 

d e t e c t o r ,  due t o  i t s  lower dynamic impedance is best su i t ed .  

choice  i n  ape r tu re  s ize  must be made i n  o rde r  t h a t  t h e  dynamic d e t e c t o r  i m -  

The p r a c t i c a l  l i m i t a t i o n  i s  t h e  RC t i m e  cons tan t  of t he  

From t h i s  s tandpoin t  t h e  Cu:Ge 

A j ud ic ious  

pedance is no t  too  high. I 

! ' .  .. . .  . 



I 
is Spect ra l  Response 

The t a r g e t s  which w i l l  be considered of i n t e r e s t  are between 300O~ and 

70OoK. 
lengths  of 9.7  microns and 4.1 microns r e spec t ive ly .  

t he  d i s t r i b u t i o n  of r ad ian t  emittance f o r  s eve ra l  temperatures. 

of i n t e r e s t  f o r  the  range 7OO0K t o  3OO0K is 2 to'14 microns. 

sponse of e i t h e r  Hg:Ge o r  f i l t e r e d  Cu:Ce (i.e.., a cooled 14 micron f i l t e r )  

b e s t  match t h i s  region. 

and Hg:Ge wi th  var ious  f i l t e r s .  

The peak blackbody emittance f o r  t hese  temperatures occur a t  wave- 

Figure 10 i l l u s t r a t e s  

The region 

The s p e c t r a l  re- 
~ 

Figure  3 i l l u s t r a t e s  the s p e c t r a l  response of Cu:Ge 

I f  only temperatures below 4OO0K were t o  be considered than Cu:Ge wi th  

a cooled 8-14 micron f i l t e r  would be the b e s t  choice.  . 

Summary 

The f igu res  of merit of i n f r a red  d e t e c t o r s  have been defined. The parameters 

which determine de tec to r  s e n s i t i v i t y  have been discussed i n  r e l a t i o n  t o  bo th  

Cu:Ge and Hg:Ce de tec to r s .  

or Cu:Ga f o r  viewing t a r g e t s  i n  the range from 300'~ t o  700°K have been evaluated. 

The c r i t e r i o n  which have been Considered are: 

The c r i t e r i o n  which determine t h e  choice of Hg:Ge 

1. D e t e c t i v i t y  

2. Responsivity 

3. Response t i m e  
4. Spec t r a l  Response 

5. Impedance 

6 .  Operating temperature 

The use of i n f r a r e d  t ransmi t t ing  f i b r e s  has been considered and appears 

f e a s i b l e  a f t e r  t he  s o l u t i o n  of t he  p r a c t i c a l  problems. (Appendix 111) 

The d e t e c t i v i t y ,  r e spons iv i ty  and response t i m e  of Cu:Ge and Hg:Ge are 
For the  t a r g e t s  of i n t e r e s t  t he  s p e c t r a l  response of Hg:Ge and comparable. 

f i l t e r e d  Cu:Ge (i.e., a cooled 14 micron f i l t e r )  a r e  comparable. If only 

t a r g e t s  i n  the  range of 300'~ - 4OO0K are considered,  Cu:Ge with a cooled 

8-14 micron f i l t e r  would be super ior .  

Since the  dynamic impedance of  Cu:Ge decreases  w i t h  i nc reas ing  b i a s  vo l t age ,  

Cu:Ge is  t h e  b e s t  choice where high frequency response is required.  

impedanca of Cu:Ce s i m p l i f i e s  the  problem of minimizing t h a  RC rime constant .  

The a v a i l a b i l i t y  of c losed  cycle  r e f r i g e r a t o r s  t o  cool Hg:Ge is an ex- 
t remely a t t r a c t i v e  fea ture .  'This e l imina tes  the  l o g i s t i c s  problems encountered 

i n  handl ing cryogenic f l u i d s  and permits opera t ion  wdth e l ec t r i c ' power .  

The lower 

I 



In conclusion, if an aperture area and acceptance angle are chosen which 
w i l l  result  Ln.a low impedance, Xg:Ge is  best suited to the application. How- 

ever, i f  the RC time constant of the detector, dewar and preamplifier combihir 

t ion w i l l  limit the'syotera Cu:Ga with a 14 microa cut off  filter should be 
0 

urad. 
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Appendix I Performance Factors 
a) Noise Equivalent Power (NEP) 

sinusoidally modulated radiant power which will cause a signal to noise 
ratio of one for a one cycle bandwidth. 

The noise equivalent power of a detector is defined as the RMS value of 

e 

where HT = rms value of power flux density incident on the detector 
2 in watts/cm 

2 
A = area of the detector in cm 
Af t bandwidth of the electronics in cps 
S/N a signal to noise ratio 

Appendix If illaseratee a typical set of test data taken at our laboratory. 
b) Detectivity (W) 

Detectivity is the performance figure which normalizes sensitivity to a 
unit area. 

A D* m - 
NEP 

c) Responsivi ty 
.The responsivity is the RMS signal voltage per unit RHS radiant power 

incident on the detector. 

volts. 
watt 
- S 

where S = rme signal voltage in volts. 

I 
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Appendix I1 
Noise Equivalent Power (NEP) measurements are made i n  our labora tory  as 

A 500°K blackbody wi th  an area of .33 cm is used as t h e  t a rge t .  

* 
f 0 1 lows : 

2 
The de- 

t e c t o r  is placed 71 cent imeters  from the t a r g e t .  

obtained by i n t e r u p t i n g  t h e  s i g n a l  with a s l o t t e d  b l ade  (i.e., chopper) de- 

signed to permit modulation at  900 cps. 

I s  then  ca l cu la t ed  to be 2.3 x loo6 watts/cm . 

Sinusoida l  modulation is 

The RMS power d e n s i t y  at  t h e  d e t e c t o r  
2 

The rms power dens i ty  is ca lcu la t ed  from t h e  following: 

The power r ad ia t ed  by a blackbody is given by t h e  S tefan  Boltzmann l a w  

4 
’ $B (T4 - To . 

where $B = t a r g e t  area (blackbody) 

u = Boltzmann cons tan t  

T = t a r g e t  temperature 

To 13: background temperature  

The power dens i ty  pe r  u n i t  s o l i d  angle  a t  t h e  d e t e c t o r  a t  a d i s t a n c e  D 

from t h e  blackbody is  

1 - 
trD2 

4 4 
$B * (T - To 

and t h e  r o u t e  mean square va lue  obtained by d iv id ing  by 2 G: 
4 

A typical  set of test d a t a  is as follows: 

Detector  ape r tu re  diameter = .012 inches * 3.0 x 10 
ape r tu re  area = 7.3 x 10 

t o t a l  acceptance angle (0) = 45’ 

0 

-2 cm 
-4 2 

,cm 

s i g n a l  = 440 microvolts 

no i se  = 10.8 microvolts 

Af = 112 cps 

-12 1 /2  watts/cps NEP (500, 900, 1) = 2.3 x IOo6 w a t t s / c m 2  7.3 X 

440 pv/10.8 pv (112 cps) 1/2 
c m  2 = 3.9 

. 
D* (500, 900, 1) = (7.3 x loo4 C U A ~ ) ’ / ~ / ~ . ~  x WattS/cps1’2 3 6.8 x 10 9 cm CPS’/~/W& 

- 7- 



Appendix I11 
F i b r e  Optics 

It has been reported t h a t  i n f r a red  t ransmi t t ing  f i b r e s  can be made wi th  a 

ca l cu la t ed  transmission of 55% i n  the 2-12 micron region. 

f o r  t he  f i b r e s  was suppl ied by Optics Technology, Inc. 

A transmission curve 

The following are t h e o r e t i c a l  r e s u l t s  which would be obtained if the de- 

t e c t o r  and f i b r e  were used i n  the  following manner. 

1. The one end of the f i b r e  is used as the ou te r  window and the  o t h e r  

end placed Over a small de tec to r  aper ture .  

Essen t i a l ly  t h e  de t ec to r  sees nothing but  a lSO°K background. 

Figure 2, t h i s  would increase  peak d e t e c t i v i t y  by a f a c t o r  of 10. 

we must consider  de t ec to r  impedance. 

2. The f i b r e  is cooied t o  some intermediate  temperature (e.g., 150'K). 
Referring t o  

However, 

where R = de tec to r  r e s i s t ance  - background generated carriers NB 
0 

Reducing the  background temperature fram 3OO0K t o  150 K would reduce back- 

ground i r r ad iance  by a f a c t o r  of 100. This would increase  r e s i s t a n c e  by a 

f a c t o r  of 100. 

Since the  device u t i l i z e s  a small a p e r t u r e  area d e t e c t o r ,  i t  was a high 

impedance device before the  background was reduced. 

The above b r i e f  exerc ise  poin ts  out t h a t  compromises would have t o  be 

made i f  such a f i b r e  were used. 

problems have not been considered. 

would r equ i r e  so lu t ions  are: 0 

It must a l s o  be pointed out t h a t  p r a c t i c a l  

Some of the  f i t s t  p r a c t i c a l  problems that 

1. 
2. Cooling the  f i b r e  

3. 
4. Handling the  f r a g i l e  f i b r e  

Heat conducted through the f i b r e  t o  the  de t ec to r  

Holding the  f i b r e  i n  pos i t i on  

, 

-8- 
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SUMMARY OF HELIX DISTORTION STUDY 



APPENDIX I11 

Review of R e s u l t s  of T r i a l  Ray 
Trace Analysis f o r  t he  Hel ix  P a i r  

.a 
The r e f l e c t e d  rays ,  r3, were in t e r sec t ed  with a plane perpendicular  t o  
the  a x i s  of the inc iden t  beam7?1 having the  following equat ion:  

g iv ing  the  coordinates  X3, Y3, Z3 i n  the  plane of equat ion (1). 
An apparent e r r o r  has occurred i n  the  ca l cu la t ions  f o r  ray "1" and 
"2" i n t e r c e p t  on t h e  f i r s t  h e l i x ,  t he  cause of which has  no t  y e t  
been cor rec ted ,  o r  found. (The d i f f e rence  i n  the  Y1 coordinates  
f o r  rays "1" and "2" i s  approximately 27.4mm while  rays  "3" and 
"4" X 
s h o u l i  be the  "minor" a x i s  of t he  approximate e l l i p s e  and 9mm 
the  "major" a x i s .  ) Nevertheless , t he  following conclusions a r e  
poss ib l e  from a considerat ion of t he  r e s u l t s  f o r  rays  "O", "3", 
and "4 : 

values  only d i f f e r  by approximately 9mm, y e t  t he  27.4mm 

-5 
1. The d i r e c t i o n  cosines  fo r  e x i t  ray 110", '3, are not  exac t ly  

p a r a l l e l  t o  t he  en ter ing  r ay  "O", <, and i n d i c a t e  t h a t  the  
polygon a x i s  should be posi t ioned not  exac t ly  perpendicular  
t o  the  a x i s  of h e l i x  1 ( the  f i r s t  h e l i x  a long the  o p t i c a l  
a x i s  from the  lens)  i f  a 45' "incidence" angle  f o r  t he  
polygon i s  intended. The b e s t  pos i t i on  f o r  the  h e l i x  w i l l  
depend on a l s o  checking t h e  beam with the h e l i c e s  ro t a t ed  
90° and 270O. 

2 . A t  t h i s  pos i t i on  of t he  h e l i x ,  81 = N O 0 ,  t h e r e  i s  approximately 
an average 1% dif fe rence  i n  the  d i s t ance  from ray  110" t o  "3'1 
compared t o  from ray "0" t o  "4", which would i n d i c a t e  an approx- 
imate l i n e - t o - l i n e  change of about on the  average .02%, assuming 
100 l i n e s  per  frame. 

-1- 



SUMMARY OF TRIAL 

Calculations Performed Using a Ray Trace Analysis For Two Helical Surfaces 

(All distances in millimeters excep t  as noted) 

Constants kl = 139.40734mn Pi = P2 = .433277mm K2 = 37.30786m 
Used : k2 = 97.9366mm K1 = 165.669041~11 81 = 3O 19.2' *: Ray 0 Ray 1 Ray 2 Ray 3 Ray 4 

cos 4 -. 707107 -. 70541 -. 706434 -. 74687 -.664971 
- .053 15 +. 062671 +. 004717 +. 00493 1 cos p1 +.004825 

cos dl +.707173 +. 70677 +. 705128 +. 664957 +. 746858 
f cos 1.000113 +. 999952 1.000182 1.080003 1.0g0008 

e1 180° 173O50.25' 186'9.7' 180 180 
rl 
x1 
P1 
Z1 

r2 
x2 
Y2 
22 

1-3 :cos d 2  
cos $2 

e2 

A 

127.00 

. o  
-127.00 

1.36118 
180'2.857 ' 
-113.0679 
-140.76887 
+. 093967 
+15.13126 
+. 706998 
+. 010244 

127.78379 
-127.04648 
13.69906 
1.3 1458 
182O3 5.93 1' 
-112.597 
-140.78817 
+5.105148 

+. 706044 
- .047 724 
+14.54425 

127.69 147 
- 126.9 534 1 
-13.70512 
1.40776 
173'34.33 
-113.79 
-140.71991 
-12.73993 
+15.140278 
+. 699932 
+. 067995 

122.23 751 
-122.23751 

0 
1.36118 
180°3. 4746 ' 
-115.7968 
-140.76896 
+. 1170389 
+17.8602 
+. 746819 
+. 010306 

13 1.24026 
- 13 1.24026 

0 
1.36118 
180O.5047' 
-109.9997 
- 140.76 8583 
+. 01614982 
+12.063 1 
+. 6649 11 
+. 010169 

cos 9 2  +. 707169 +. 706023 +. 711121 +%64951 +. 746850 
Fcos  1.000O3 8 +. 999 24 5 1.002147 ,9990046 .999995 

x3 -90.55858 -90.3934 -91.05 -89.214505 -92.140016 
Y3 .82 1486 +1.698 -7.909 .828 .760 
Z3 65.353701 +64.9375 65.599098 63.758649 66.684165 

-2 - 
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I STANDARD DIGITORK MOTORS 

Combining power and precision in a single flexible con- 
trol systcm Pace Controls Corp. has developed a discrete 
positioner offering the design engineer a new and ad- 
vanccd device for solving problems in precision control 
and power positioning. We call this DIGITORK. 

THIS IS DIGITORK 
0 

DIGITORK is our trade name for a family of products centered 

around a unique stepping motor principle. As the name suggests 

DIGITORK is a digital, torque-producing actuator responding in 

discrete increments of motion - one step for each pulse. The 
concept of application in its rudest element is . . . a desired 

motion - rotary, linear or other - may be accurately controlled 

by the number of pulse signals furnished. The speed of the motion 

may be accurately controlled by the rate at  which the signals are 
delivered to the control. 

0 

M-60 

M-35 
But DIGITORK is more than a measuring device - or positioning 

con troller. 

Because DIGITORK is capable of responding accurately to a 

variety of pulsing rates, it is an infinitely variable speed device . . . 
yet has the capability of maintaining exact constant speeds. And 

because DIGITORK is completely digital many units may be 

operated together from a common signal source, providing perfect 

synchronism over a wide and readily adjustable range of relative 

speeds. It is, in fact, an electrical gear system. 

M-18 

M-15 

3M.lo-6Q-WEA LS GORP- NEEDHAM HEIGHTS 94, MASSACHUSETTS 

t PRINTED IN U 5 A. 
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Although much use of DIGITORK is directed toward controlling functions where response 
is programmed in advance, application of DI GITORK to indicating or controlling devices 
from random signal sources is thoroughly practical. The precise digital control feature, rapid 
response time, and high torque make DIGITORK an ideal actuator for virtually all con- 
trolling, regulating, or positioning jobs in process control systems. 

0 

HOW DIGITORK WORKS 

DIGITORK motors are operated by a control amplifier. The primary function of the am- 
plifier is to receive “metered” pulses from an external source - to shape, amplify and dis- 
tribute high current pulses to the proper motor windings. The size or shape of input pulses 
to the control amplifier is not critical and the control power required is but a few microwatts. 

\ 

Rotation is controlled in discrete increments, the number pcr revolution depending on the 
motor design and gearing - (Current motor models have 36, 48 and 108 steps per revolu- 
tion). In responding to input signals thc motor will rotate an exact distance as directed by 
the number of pulses furnished. Thc resolution accuracy is plus or minus 10% of one ‘step 
and is non-cumulative . . . regardless of the number of steps. 

In the low frequency range (up to approx. 150 cps) the steps are distinct, and the motor 
actually comes to rest - between each step - without oscillation. Above this frequency the 
motor continues to operate in controlled increments but the resulting motion of the shaft is 
similar to a synchronous motor. 

- 8 

DIGITORK, however versatile, cannot cancel the basic laws of physics . . . to operate 
above instantaneous start-stop rate it therefore requires programmed (controlled) accelera- 
tion and deceleration. In most applications this control feature is relatively simple to provide 
- in some it is not necessary at all. 

The DIGITORK motor - when stopped -- will remain locked in position so long as cur- 
rent is on . . . and will remain in this position continuously without overheating. 

Through its control amplifier the DIGITORK motor will reverse its operation, having 
identical performance in either direction. An on-off type of signal will accomplish the reversal 
. . . using the same pulse source for intelligence in both directions. Instantaneous reversing 
rates are approximately that of instantaneous starting rates. Both will vary somewhat with 
load conditions. 

- 

The DIGITORK principle - in itself - does not require feedback. The motor, when 
operated within its range of performance will not miss steps. There are applications in 
which error may be induced by the intelligence (signal input) and others in which the driven 0 



ENGINEERING BULLETIN NO. 1 Page 3 

mechanism may have backlash . . . or other error-producing characteristics. In such cases, 
feedback may be provided in one of several forms . . . principally that of matching motion 
- (in digital increments) with input signals, making a correction if necessary. 

In programmed systems or where ample “storage” time is provided, a system may be fur- 
nished to correct for backlash wherein the exact position of rest is corrected for in the 
reverse direction . . . before programmed information is delivered to the motor. This is a 
patented DIGITORK. product. 

Cubicle Mounting 

.$ 

RC UNIT SC UNIT PS UNIT SR UNIT 

TYPICAL DlGlTORK CONTROLS 

DIGITORK has been applied to many complex systems. For example . . . responding to 
the output of a computer, controlling motions in several axes. Other applications are decid- 
edly less sophisticated or quite simple by normal standards. 

The current DIGITORK motor models are designed to be as versatile as possible, consistent 
with the demands of many industry standards. The two smaller sizes (M15 and M18) are 
designed in servo mountings - the larger sizes (M35 and M60) in industrial type enclosures. 
In the near future more styles of motors will be added to our standard line both in high per- 
formance precision devices and in less costly commercial designs. 

Control components currently available as standard devices consist principally of the control 
amplifiers designed specifically for the individual standard motor characteristics. Pulsers, 
shapers, acceleration controls, backlash controls, counting, storage and other devices have 
been constructed and will be offered to suit individual application requirements. There are 
no such devices in standard designs at the present. 

The design engineer need only use his imagination to conceive of dozens of practical appli- 
cations using DIGITORK . . . being the first and only torque-producing, digital actuator 
to operate in a broad range of frequencies. 
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It is well that some of the distinct features be listed for ready reference - here are a few: 

DIGITORK MOTORS ARE . . . 
completely digital - converting digital information into digital motion 

true motors - not ratchet devices 

simple motors - having no commutators, slip rings, or permanent magnets 
r 

reversible - having equal responsc in both directions 

uersutile - being designcd for a wide variety of applications, mountings, 
environmental conditions 

we12 constructed - of substantial, matcrials designed with a minimum of wearing 
parts - the stator sections potted in epoxy resin providing a rigid, 
non-varying structure. 

high performance devices - by present standards . . . no other known device can 
provide reliably controlled discrete increments of motion - with a 
usable torque - in frequency ranges to kilocycles 

I 

DIGITORK CONTROLS ARE . . . 0 
solid state devices engineered with the latest acceptable techniques in solid state 

circuitry 

well constructed packages made up of quality components thoroughly tested for 
stability and reliability 

vcrsutile providing various ranges of motor performance characteristics to suit indi- 
vidual applications 

adaptable - control components are offered in standard units . . . but they may 
be adapted to a variety of enclosures and mountings to meet specific 
space or design requirements 

TO .APPLY DIGITORK - refer first to Application Data Sheet No. 10-1 describing 
the DIGITORK system and then to individual data sheets. 
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T H E  F I R S T  I N D U S T R I A L  D I G I T A L  M O T O R  OF I T S  KIND 

The M135 is a medium size motor mounted 
in a rugged, industrial type case. It is in- 
tended for applications where relatively 
high torque, medium stepping rates, and 
hard usage are anticipated. See specifica- 
tion sheet on M160 for higher torque 
motor, and M115 and M118 sheets for 
instrument size motors. 

PERFORMANCE DATA . .  

SPEED RANGE : 
RATED TORQUE: 35 ounce inches minimum at 0 - 700 steps per second (see curve) 
INSTANTANEOUS STARTING AND STOPPING RATE: '' 110 steps per second maxi- 

mum at 35 ouncc inches rated load and 0.0068 ounce inch seconds' maximum load inertia 
AMBIENT TEMPERATURE RANGE: 0 - 4-55 degrees C 
STEPS PER REVOLUTION: 48 

0 - 1500 steps per second (see curve) 

- _  

DEGREES ROTATION PER STEP: 

ACCURACY OF STEP POSITION: 
7.5 degrees nominal 

Position of each individual step * 45 
minutes; cumulative error after each 
series of 3 steps, negligible 

TION CHARACTERISTICS - See 
Application Data Sheet 10-3 

SHAFT ROTATION: 3 models - 
clockwise - counter clockwise - 
reversible 

ACCELERATION AND DECELERA- 

CONTINUOUS DUTY 

TORQUE-SPEED CURVES 

70 -1 :fi 40 

SUPPLY 

VDC SUPPLY 

500 IO00 I500 2000 0 

SPEED-STEPS PER S E C O N D  



ELECTRICAL DATA 

MOTOR DIRECTION 
MODEL #! OF ROTATION 

M135AY Clockwise 
M135BY Reversing 
M135CY Counter Clockwise 

M135AY Clockwise 
M135BY Reversing 
M135CY Counter Clockwise 

SYSTEM SUPPLY VOLTAGE : 

SYSTEM DC SUPPLY CURRENT: 
MOTOR POWER DISSIPATION: 
INPUT CONTROL PULSE : 

Ranges - 27 VDC to 250 VDC (see tabic) 

5 amperes (independent of voltage) 
100 watts - at rated speed and load 
See data sheet on individual Control Unit 

115 VAC and 220 VAC (see table) 

AUXILIARY UNITS - MODEL NUMBERS 

DC SUPPLY VOLTAGE 

24 - 30 VDC 100 - 120 VDC 225 - 275 VDC 
CONTROL MATCHING CONTROL MATCHING CONTROL MATCHING 

UNIT UNIT UNIT UNIT UNIT UNIT 

SClAFR RC35AClF SR1 AHR RC35ARlH SRlAKR RC35AR1 K 
SC1 BFR RC35BC1 F SR1 BHR RC35BR1 H SR1 BKR RC35BR1 K 
SC1 AFR RC35CClF SRlAHR RC35CRlH SRlAKR RC35CRlK 

AC SUPPLY VOLTAGE 

105 - 125 VAC Single Phase 

UNIT UNIT SUPPLY 

200 - 240 VAC Single Phase 

CONTROL MATCHING POWER CONTROL MATCHING POWER 
UNIT UNIT SUPPLY 

SR1 AHR RC35AR1 H P S I  JHT SR1 AKR RC35AR1 K PS1 LKT 
S R l  BHR RC35BR1 H PS1 JHT SR1 BKR RC35BR1 K PSI  LKT 
SR1 AHR RC35CRlH PSI  JHT S R l  AKR RC35CR1 K PSI LKT 

OUTLINE DRAWING 
WEIGHT,,Q LB-1402  7132 I----- 4-112 :I164 

114-20 TAP 
518 Di? ON 
3-112 21/64 

4-HOLES 
90' APART 

.MS3102A 
-20-21P 

7-314 MAX. 
6 7 / 8  MAX. 

.3740 DIA. WITH 114-20 TAP x3 /4  DP 
3/16 FLAT 4 - HOLES 

APPLICATION DATA TABLE 



PRELlMlNARV DATA - I - - - -. r---- - - - - - - _ _ -  _ I _ _ - _  

I DATA RECORDINO. 
1 7- AND 14-CHANNEL SYSTEMS 
I SERIES 3 9 0 7 A .  3914A 
I------ --------- - - - - - _ - _ _ _ - . _  _-_ 

' SANBORN MAaNETIC ;I:+ ( I  I:! < i :!, 1 

I k* z., ; ' #. 

- 4  

S-1OM-7-64 S-5M-3-64 

5l.<: ' 

Tape Deck Especially Designed 
for Sanborn by Hewlett-Packard 

FM, Direct and Pulse 
Record / Reproduce Electronics 

Six Pushbutton Speeds-1% IPS to 
60 IPS with No Capstan Change 

Improved Signal / Noise Ratios 
Low Wow and Flutter 
Built-in Footage Counter 

e 

e 

ANBORN Model 3907A and 3914A are two new S high performance Magnetic Tape Recording 
Systems designed for use in data recording, storake 
and reduction systems. The tape transports, designed 
exclusively for this equipment by Hewlett-Packard, 
provide improved flutter and distortion specifi- 
cations; six speeds electrically selected without 
changing capstan or idler; 4 second max start time, 
1 second max stop time; and a built-in footage 
counter. Both of these compact, versatile and low- 
cost-per-channel tape systems comply with all IRIG 
requirements. 

Both systems offer interchangeable, FM, Direct 
and Pulse Record /Reproduce electronics consisting 
of solid state amplifier inserts and speed equalization 
plug-ins. All modules are readily accessible on the 
front panel to change bandwidth for each tape speed 
change. Each system contains a multi-track tape 
transport, insert rack and transfer chassis, preampli- 
fier rack, power supply, (7 or 14) reproduce pre- 
amplifiers and cabinet. FM, Direct, or Pulse Ampli- 
fier Inserts, in any combination, plus appropriate 
speed equalization plug-ins are added. to the basic 
assemblies. 

The new Hewlett-Packard/Sanborn tape trans- 
ports provide a total of six speeds; 1 %, 3.%, 7%,.15, 
30 and 60 IPS which allow for a maximum time 
expansion, or time compression of 32 to 1. Transports 
rtK, huve remote control connector for complete 

All Solid-state Circuits 

Adjustable Input/ Output Levels 

recorder operation: Stop, Play, Reverse, ,Fast, 
Forward and Record. Tape loop adapter, voice 
channel, and input conditioning circuits are also 
available. 

iJGE$Z 
Sanborn Model 3907A and 3914A 7- and 14- 

channel tape recording systems are so broadly appli- 
cable in both simple and complex recording, storage 
and data reduction systems that only the more 
general uses are mentioned here. Major fields include 
telemetry, aircraft flight tests, jet and rocket engine tests, 
and vibration studies. Optional tape loop attach- 
ment and voice channel increase the usefulness of 
tape systems for data analysis and teaching com- 
mentary applications. Direct, FM and Pulse modes 
permit single-ended input signals to be connected 
directly - input resistances are 20K. 20K, and 10K 
ohms, respectively. The input signal level can be 
0.5 to 10 V rms on Direct, &1.2 to  f 3  V p to  p on 
FM, and a zero based -7% to -30 V rectangular 
pulse on Pulse. Push-pull signals can also be moni- 
tored by the tape systems through the use of an 
optional Sanborn Input Signal Coupler. 

Medical researchers, teachers and clinicians will 
have wide use for the "3907A" and "3914A" in bio- 
physical applications from simple data storage and 
processing to major physiological data monitoring 
syrtoma. 
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Tape 
Speed 
60 ips 
30 ips 

;.f >: W. 0 4 rd D . ;d 3 :. ;J J $ 

This system uses a 3900-12A Direct Record Repro- 
duce Amplifier insert to proportionately record on the 
tape the AC input signal and when reproduction of this 
signal is required, reproduce the input AC signal as 3 
proportional output volt age. Frequency compensation 
to allow for specd changes on all tracks in the reproduce 
mode is provided by iiidividunl plug-ins designed to 
slide into the amplifier inserts. A built-in bias oscillator 
provides a fixed amplitude high frequency sigiial which 
is mixed with the input voltage to compensate for the 
non-linearity of the tape. 

S/N Ratio m e r  
Bondwidth/ 

M in  RMS at 0% 
Frequency 

FM Center Deviation* 
Carrier Without With 

Frequency Frequency Flutter Flutter 
Bandwidth Response (Nominal) Comp Comp** 
0-IOKC +O, - 1  db 5 4 K C  4 4 d b  4 8 d b  
0-5KC +O, - 1  db 27KC 4 4 d b  4 9 d b  

RECORD AMPLIFIER INPUT: 20,000 ohms input resistonce, 
single ended. 0.5 to 1OV rms, adjustable. 

REPRODUCE ArriPLlFlEB OUTPUT: Single ended, adjustcble 
from 1V rms to 2.1V rms at rt3 ma. Source impedance 100 ohms 
max. DC level adjustable f1.5V. 

THIRD HARMONIC DISTORTION: 1% typical at 1KC and 
60 IPS. 

Tope 
Speed Bandwidth 
60 ips 100-1 00,000 cps 

300-70,000 cps 
30 ips 100-50,000 cps 

300-35,000 cps 
15 ips 50-25,000 cps 

300-1 6,000 cps 
7% ips 50-1 2,000 cps 

.Frequency S, N Xntio 
Response Minimum RMSX 

+3 db 40 db 
45 db 

f 3  d b  42 db 
47 db 

+3 db 1 2  db 
17 db j 

2 3  db 42 db 
300-7,200 cps 47 db 

3% ips 50-6,250 cps f 3  db 42 db 
300-3,800 cps 47 db 

1 Ye ips 50-3,125 cps i 3  db 40 db 
300-2,200 cps 45 db 

*Mea;ured with bandparr filter at  output with an 18 db/octavc rolloff. 

I 

1 

1 
I 

i 
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This system uses the 3900-13A FM Record/Repro- 
duce Amplifier Insert to  convert an input voltage into 
a frequency which is proportionately related to the 
reference carrier frequency. Full scale input voltage 
produces a 40% change in carrier frequency. Signals 
appearing a t  the record head are square waves of cur- 
rent, sufficient to cause tape saturation on alternate 
half cycles. Reproduce head signals are fed into the 
3900-10A preamplifier and then to the 3900-13A insert, 
where they are amplified, clipped and demodulated. 
Output voltage of the insert is proportional to reproduce 
frequency and hence, input voltage. An additional plug- 
in is placed onto the insert to  provide suitable modu- 
lation and demodulation frequency characteristics and 
output filtering. A different equalization plug-in is re- 
quired for each tape speed. 

E? 2 &-: 6 i? E /n c %,?C, 'I: t."j $ E 
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RECORD AMPLIFIER INPUT: Single ended, 20K impedance, 
f 2 . 5 V  DC nominal, adiustable f l . 2 V  to f 3 V .  

REPRODUCE AMPLIFIER OUTPUT: Single ended, 100 ohms 
source impedance maximum, f2.5V DC nominal (at f 3  ma 
maximum), adjustable f 1.2V to f 5 V .  DC position adjustable f 2 V .  

LINEARITY: DC, &0.5% of full scale max; AC, f l %  of full 
scale max. 

DRIFT: f0 .25% max for 10°C change, 15°C to 35°C. f0.25% 
max for 1OV line voltage change. 
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FLUTTER 
(both models) 

Bondwidth Flutter (p-p) Speed 

60 ips 
- 

0.2% 0-200 cps 
0-1.5 KC 0.3% 
0-10 KC 0.6% 

0.2% 0-200 cpr 
0-1.5 KC 0.5% 
0-5 KC 0.8% 
0-200 cps 

0.4% 0-200 cps 

0-200 cps 
0.8% 
0.8% 0-200 cps 
1.2% 

30 ips 

0.2570 15 ips 

::p 
:::p 

0-1.5 KC 
0-2.5 KC 

0-1.25 KC 

0-625 cpr 

0-31 2 cps 

7% ips 

3% ips 

1 Ye ips 

PWLSE WECORD/REPROQUCE 
6:" \-" P -- P- .- , .a a G M  PSRFORWANCE 

This system uses a 2000-1400-1 Pulse Record/Repro- 
duce Amplifier Insert to record and reconstitute rec- 
tangular pulse signals. The tape is always driven to 
saturation. Plug-in sub-assemblies are not required for 
different tape speeds. 

Record 
and 

Playback 
al  

60 ips 
30 ipr 

7% ips 
15 ips 

3% ips 
1% ips 

RECORD AMPLIFIER INPUT Rectangular zero-based negative- 
going pulse, -7% to -30 volts final amplitude. Rise and fall 
times are not important except when they influence timing of 
recorded signal. There is no upper limit on pulse duration. 

INPUT RESISTANCE: Single ended, 10,000 ohms. 

REPRODUCE AMPLIFIER OUTPUT: Rectangular zero-based 
negative-going pulse, opprox. - 11.8 volts final amplitude across 
open circvit. Output signal amplitudes and rise ond fall times are 
not related to input signals except as noted above. 

OUTPUT SOURCE RESISTANCE: Single ended, 1000 ohms; may 
be loaded. For example, with 1000 ohm load approx. 6 volts 
i s  available. 

Min. Input Typ. Min. 
Pulse for Accuracy Input 

Output Pulse of Pulse Pulse 
Max. Accuracy Repro- for any 

Rise Time (Duration) duction output 
(micra-rec.) (micro-sac.) (micro-rec.) (micro-sac.) 

4 50 f 5  10 
4 100 1 1 0  15 
5 200 f 20 25 
10 400 f40 35 
20 800 f80 50 
40 1 600 fl60 70 

7'".1=""= T X J  1 ' '  : .-oi?T SPECiFICATIeaNS 

The tape transport provides tape motion for all 
modes of operation and assures smooth, positive move- 
ment of the tape across the head assembly. Operating 
controls are located on the front panel. 
NUMBER OF TRACKS: 7 (Model 3907A), 14 (Model 391 4A). 

TRACK WIDTH: 0.05" (both models). 

TRACK SPACING: 0.07" center-to-center (both models). 

MAXIMUM INTERCHANNEL TIME DISPLACEMENT ERROR: 
fl microsecond at 60 IPS, between two adjacent tracks on same 
head (both models). 
TAPE SPEEDS: 60, 30, 15, 7%, 334 1% inches per sec. (both 
models). 

TAPE WIDTH: %" (Model 3907A), 1 

TAPE THICKNESS: 1.5 mil, 1.0 mil or 0.65 mil (both models) (1.0 
mil preferred). 

(Model 3914A). 

. - - . -  . . - _--. ,.. . .  
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A preamplifier card provides the first three stages of 
amplification for the reproduce section of a record/ 
reproduce channel. There are 7 preamplifier cards for 
the Model 3907A system and 14 preamplifier cards for 
the Model 3914A system. 

GERT R&sCEc .%N9 T R A R  - - Y  1 
_j -. . , . $ r . -  
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Each insert rack and transfer chassis contains a power 
supply and accommodates up to seven record/reproduce 
amplifier inserts complete with equalization plug-ins. 

p 0 -.p-,l' ti: -7 P E F r-2 - s -- 2-s -JLi 1 1- *-'.T 

The Power Supply, located on the Insert Rack and 
Transfer Chassis, delivers regulated operating voltages 
to all electronic circuits of the recording system. Supply 
voltages can be measured at  test points on the front 
panel. A built-in meter and a selector switch is used for 
alignment of all FM channels, eliminating the need for 
electronic counters. 

-..-.. ... . -- . i . . . ,_X__._ . 
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P R I C E S B A S I C  ASSEMBLIE'S 

MODEL 3907A, 7 track Basic System with provisions 
for additional monitoring track. Consists of 6 speed 
tape transport ( 1  Yo, 3%, 7%, 15, 30, 60 IPS), Insert 
Rack and Transfer Chassis, Power Supply, Pre- 
amplifier Rack, (7) Reproduce Preomplifiers and 
Mobile Cabinet. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $6,185.00 

MODEL 3914A, 14 track Basic System with provi- 
sions for additional monitoring track. Consists of 6 
speed tape transport ( l % ,  3%, 7%, 15, 30, 60 
IPS), (2) Insert Racks and Transfer Chassis, (2) Power 
Supplies, (2) Preamplifier Rocks, (14) Reproduce 
Preamplifiers and Mobile Cabinet.. . . . . . . . . . . . . .  
OPTION 1 FOR MODELS 3907A AND 3914A 

Same as Models 3907A and 3914A less cabinet, 
but including all the necessary hardware for rack 
mounting in 19" racks. 

Model 3907A, Option 1 . . . . . . . . . . . . . . . . . .  
Model 3914A. Option 1 . . . . . . . . . . . . . . . . . .  

OPTION 2 FOR MODELS 3907A AND 3914A 
Same as Models 3907A and 3914A except sys- 
tems are mounted in portable cabinets. 

Model 3907A, Option 2. . . . . . . . . . . . . . . . . .  
Madel 3914A, Option 2.  . . . . . . . . . . . . . . . . .  

OPTION 3 FOR MODEL 3907A, 7 track Basic 
System, same as above, less monitoring track pro- 
visions (when available). ...................... 
OPTION 3 FOR MODEL 3914A, 14 track Basic 
System, same as above, less additional monitoring 
track (when available) ....................... 

ELECTRONICS 

Add to the Basic Assembly the number of FM, 
Direct, or Pulse Reproduce Inserts required (each 
active channel will require one Insert according to 
the recording requirements). 

Model 3900-12A Direct Record-Reproduce 
Insert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Model 3900- 13A FM Record- Reproduce 
Insert . ............................... 

For each Model 3900-12A Insert depending on 
the tape speeds to be used-select from the 
following plug-ins: 

1% IPS- Model 2000-1200-C2 Direct Equal- 

3% IPS - Model 2000-1 200-C3 Direct Equal- 

7!!z IPS- Model 2000-1 200-C4 Direct Equal- 
ization Plug-in.. ...................... 

15 IPS- Model 2000-1200-C5 Direct Equal- 
ization Plug-in. ....................... 

30 IPS - Model 2000-1 200-C6 Direct Equal- 
ization Plug-in. ....................... 

60 IPS - Model 2000-1 200-Q Direct Equal- 
ization Plug-in. ....................... 

For each Model 3900-1 3A Insert depending on the 
tape speeds to be used -select from the following 
plug-ins: 

1 T/ ,  IPS - Model 2000-1 300-C2 FM Frequency 
Plug-in. ............................. 

3% IPS - Model 2000-1 300-C3 FM Frequency 
Plug-in. ............................. 

ization Plug-in. ....................... 

ization Plug-in.. ........ ~. ............ 

8.41 5.00 

5,680.00 

7,910.00 

6,185.00 

8,415.00 

135.00 
Subtract 

from any 
of thm above 

Subtract 

from any 
of the above 

135.00 

$155.00 ea. 

180.00 ea. 

35.00 

30.00 

30.00 

30.00 

30.00 

30.00 

60.00 

40.00 

7% IPS - Model 2000-1 300-C4 FM Frequency 
Plug-in .............................. 

15 IPS - Model 2000-1 3 0 0 G  FM Frequency 
Plug-in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 IPS - Model 2000-1 300-C6 FM Frequency 
Plug-in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

60 IPS - Model 2000-1 300-C7 FM Frequency 
Plug-in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DUCE INSERT (No Plug-in required). . . . . . . . . . . .  
MODEL 2000-1400-1 PULSE RECORD-REPRO- 

OPTIONAL EQUIPMENT 
Input Signal Coupler Model 3907-07A - to adapt 
equipment with push- pull output to single-ended 
input of the 3900 series electronics; it occupies 3'/2 
inches of vertical panel space below record- 
reproduce amplifier panel.. . . . . . . . . . . . . . . . . . .  
A plug-in depending on signal source i s  required 
for each active chonnel (see local field office 
for information). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Remote Control Panel Model 3907- 1 1 A -control 
box and cable for remote control of tape transport 
STOP, PLAY, REVERSE, FAST FORWARD and 

Voice Channel Amplifier Model 3907-06A for 
recording pertinent commentaries on the data being 

RECORD functions (less cable). ................. 

recorded, includes microphone ................ 
Note 1 1  When used with Models 3907A and 3914A for 
monitoring on the additional track another Reproduce 
Preamplifier ($40.00). one Direct Insert ($1  55.00) and one 
Direct Equaliiotion Plug-in (Price i s  determined b y  the 
speed used) are required. 

Note 2: When used with Option 3 of either system where 
no provisions for a n  additional channel ore included one 
o f  the standard 7 01 14 tracks must b e  used with a direct 
Insert and Equolizalion Plug-in. 

40.00 * 

40.00 

40.00 

40.00 

60.00 

395.00 

100.00 

250.00 

MAGNETIC TAPE: ACCESSORY ITEMS 
37T-4 % Inch, 1 Mil Polyester Heavy Duty 1-  9 35.35 

Instrumentation Tape, 3600 Feet, 10-49 33.40 
Supplied On  NAB Reels:. . . . . . . . .  50 8 over 31.40 

37T-5 % Inch, 1.5 Mil Polyester Heavy 1- 9 27.00 
Duty lnstrumentation Tape, 2500 10-49 25.45 
Feet, Supplied On NAB Reels:. . . . .  50 8 over 31.40 

37T-9 1 Inch, 1 Mil Polyester Heavy Duty 1- 9 64.60 
Instrumentation Tape, 3600 Feet, 10-49 61.15 
Supplied On NAB Reels:. . . . . . . . .  50 8 aver 57.75 

37T-10 1 Inch, 1.5 Mil Polyester Heavy Duty 49.90 
Instrumentation Tape, 2500 Feet, 10-49 47.20 
Supplied On NAB Reels:. . . . . . . . .  5 0 8 o v e r  44.50 

1- 9 

Empty Reels: 
7.75 37T-3 '/z Inch, NAB.. 

37T-14 '/1 Inch, Precision.. . . . . . . . . . . . . . . . . . .  , 29.50 
37T-8 1 Inch, NAB..  ....................... 13.25 
37T-15 1 Inch, Precision ............. , ........ 32.00 
Splicing Tape: 
37T-7 '/z Inch, Mylar, 100 Feet 1.55 
Bulk Eraser: 
48A-13 (Cinema Type 9205A). . ............... 102.50 
Head Demagnetizer: 
48A-14 (Robins Type HD-6). .................. 12.50 
Tape Splicer: 
48A-15 Yz Inch, (Robins Type TS-500). ......... 77.50 
Cabinet Dust Cover: 
01060-69010 Gabardine, For 3907A and 3914A. 17.00 

...................... 

............... 

Prices are  F.O.B. Waltham, Massachuwth, except accessory Item which are priced 
F.O.B. Destination 

. " . - .  
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BASIC DESCRIPTION 
ANBORN 4500 Series optical oscillograph system is S a completely integrated amplifier-galvanometer- 

recorder system. Multi-channel amplifiers and gal- 
vanometers are matched and packaged to  provide an 
exceptionally convenient, high frequency response 
recording system. 

0 to 5 KC signals can be connected directly to the 
amplifier front or rear panel and immediately re- 
corded on the 8” wide chart - no time consuming 
special interconnecting circuits are necessary. Four 
multi-channel amplifiers cover a sensitivity range 
from 500 @v/in to 500 mv,’in. In  addition, each 
amplifier channel has a front panel “Position” con- 
trol capable of moving the trace anywhere on the 
chart without mechanical adjustment. And the 
pptical galvanometers are rugged and relatively 
inexpensive. 

The individual amplifier/galvanometer channels 
include a special frequency boost and compensation 
circuit that extends the response of the basic 2KC 
optical element to 5 KC ( -3 db). 

Frequency boost and compensation in the amplifier 
galvanometer circuits permits greater deflection a t  

frequency than is poaible when galvanometers 
higher natural frequencies are ueed. This bch- 

Operating and 
Performance Features  

U p  to 25 Channels 

DC to 5 KC Response With one 
Basic Galvanometer 

Choice of 4 Amplifiers: Galvanometer Driver, 
Low Gain, Medium Gain, Carrier 

Sensitivities 500 pvlin to 500 mv/in 

Recording to 8” Amplitudes 

8 No Mechanical Galvanometer Positioning 

nique eliminates temperature controlled galvanom- 
eter magnet blocks and saves setup time because 
it eliminates changing and aligning the galvanom- 
eters every time the equipment is required to  
record under conditions of different frequencies and 
sensitivities. 

U S E S  
The 4500 Series system provides permanent records 

of variables in the 0 to 5000 cps range. It will monitor 
and record temperature, pressure, force, displace- 
ment, strain, computer outputs, telemetry outputs, 
power supply outputs, etc. It is used in missile and 
engine analysis, analog recording, production testing, 
control applications and nuclear tests. 

Wherever high speed transient information is 
needed, the 4500 is especially useful and in all multi- 
channel applications, where signals having different 
frequencies (0-5000 cps) are being recorded, the 
Sanborn “system” concept has the added advantage 
of avoiding any time delay errors between channels. 
This is because Sanborn provides you with a system 
that ha6 the dame tima delay and frequency response 
on all channels. 



SYSTEM SPECIFICATIONS (Classified By Amplifier Type) 

CARRIER M E D I U M  G A I N  
GENERAL PURPOSE 1 

I 656-3400/658-3400 I 656-1100/658-1100 
I 

2.5 mv/l " 
(20 mv for 8" trace) 

500 /.~v/l", for in-phase 
ComDonent 

xl, 2, 5, 10, 20, 50, 100 
200, 500, 1,000, 2,000, 
5,000. Smooth gain 2% 
to 1 odj. 
Att. error &3% max. 

Floating and guarded 

(4  mv for 8" trace) 

x l ,  2, 5, 10, 20, 50, 100 
and 200. Smooth gain 2Y2 
to 1 adi. 
Att. error zt3% max. 

, 

100,000 ohms- 1 BK with zero suppression 1 ] 15K reoctonce :::;$ :::e:$ 

140 db @ dc 
N/A 120 db @ 60 cps bat 

110 db @ 60 cps 1000 
ohms unbal. 

A500 volts N/A 

GALVANOMETER DRIVER 10 W G A I N  
AMPLIFIER MODEL GENERAL PURPOSE GENERAL PURPOSE 

INPUT CIRCUIT 

COMMON MODE 

AMPLIFIER FRONT PANEL CONTROLS 

MODEL 656-2000 or MODEL 658-2000 MODEL 654-1900 or MODEL 658-2900 MODEL 456-3400 or MODEL 618-3400 MODEL 656-1100 or MODEL 658.1100 

, . .  

Range (6 positions plus Col and 
Off), Gain, Position, Upscale/Down- 
%ole, Balance. 

Range (10 positions plus Col end 
Off), Gain, Position, Amplifier 601- 
once, Position and Calibrated Zero 
Suppression Potentiometer and Zero 
Suppression switch I + or -1. 

Range (6 positions and Off), Gain, 
Function (Use X1, Use X100, Zero 
ond Col) and Position. 

Range (9 positions plus Col and 
Off), Gain, Position, Use/Bol switch, 
Zero Suppression switch (Five step 
switch, center out, 2 positions eac 
for both positive ond negative sig 0 
nal). R-Bal (ured alao as vernier 
x w o  ruppresslon) ond C-Bal. A common power supply at rear of amplifier supplies power for all channels. 
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INPUT SIGNAL CONDlTlOMlNG 
MU LTI-CH A N  M EL A M  PLI FI ERS 

Each amplifier assembly consists of 6 or 8 identical 
transistorized channels of amplification and a common 
power supply. Your signals can be applied directly to 
the connectors on the front panel or a t  the rear. The 
controls on the front panel offer complete operational 
adjustment whether the amplifiers are to be used in-line 
or in laboratory applications, without adding costly and 
complicated input attachments. 

Amplifier components for each channel are mounted 
on a single plug-in circuit board, easily accessible and 
removable. Matching networks between the amplifier 
channels and galvanometers are also mounted on plug-in 
boards. Unlike many optical systems, no temperature 
controlled galvanometer magnet blocks are required in 
the “4500” recorder - use of current feedback in the 
amplifier/galvanometer matching network stabilizes the 
frequency response of the galvanometer over a very 
broad temperature range. These multi-channel amplifiers 
can be used with other optical recorders. For further 
information please contact your local Hewlett-Packard 
Field Office or contact Sanborn Company directly. 

COMMON SPECIFICATIONS 
ALL  AMPLIFIERS 

with Sanborn 9B-1A Galvanometers 

FREQ. RESPONSE: DC-5000 CPS ( -3DB) @ 4’ P-P. 

OUTPUT: f72 ma ta drive standard 2000 cps galvanometers, 17-ohm 
nominal load, ungrwnded, apprax. 10,000 ohms source impedance. 
Current is limited to fl50 ma. 

LINEARITY: 1 %% of  full scale (8 in.) 

INPUT CONNECTORS: Paralleled connectors on front and rear panels, 
reparote Connectors for each channel. Guard circuit connection i s  pra- 
vided an Model 658-3400. All mating connectan are supplied. 

OUTPUT MONITOR: Monitor output jack on front panel provides 
appraximately f l  volt full scale across 100,000 ohms minimum load 
(except on Model 658-2000). 

POWER: 11 5 volts f l  O%, 50-400 cps, 125 watts; 11 5/230 volt opera- 
tion available on special order. 

HIGH AMPLITUDE, HIGH FREQUENCY 
RESPONSE RECORDER 

Recordings on the Sanborn “4500” Recorder are macle 
on eight-inch wide ultraviolet sensitive, self-developing 
photographic paper which is easily loaded in normal 
room light through a hinged front panel door. Push- 
buttons permit convenient selection of nine paper 
e 1 4 s  from 0.25 to 100 inches per second. A fluorescent 
lamp speeds development so that the trace is fully 
developed in several seconds after exposure. The re- 
cording may be photographically “fixed” and with 
normal care will last indefinitely. Traces may overlap 
at amplitudes up to eight inches. Additional features 
include: full width time lines, amplitude lines (re- 
movable over part or all of paper), sequential light 
h a m  interruption for trace identification, event marker, 
a lnmp power control and meter, and a meter for indi- 
cating remaining paper footage. As in most Sanbom 
recording 8ystcms, the “4600” hae provision for com- 
pluL0 rumoto operation. 

The Paper Take-up Model 650-900, shown below, is’ 
designed to fit below any Model “4500” Recorder. Com- 
plete control of the paper and take up speed is auto- 
matic from the push button controls on the front panel. 
A unique clutch mechanism keeps the paper taut a t  all 
speeds and a relay automatically stops the take up 
mechanism at  the end of the roll. 

. 

- .  

RECORDING CHANNELS: One to 25 chonnelr 

PAPER SPEEDS: 0.25, 0.5, 1.0.2.5.5.0.10. 25.50. and 100 inches/sec. 
Paper speeds are pushbutton selected. 

TIMING LINES: 0.01 or 0.1 second intervals full width across the chart. 

AMPLITUDE LINES: 0.1 inch intervals. Can be eliminated over %, Vi 
or total width of chart. Amplitude lines ruled in millimeters or logarithmically 
are available. 

REMOTE CONTROL: A connector is  provided to allow remote control 
of chort speeds, timing and chart drive motor operation. An external 
remote control panel is available. 

GALVANOMETER: Model 93-1 A (standard). Undamped natural. fre- 
quency is  2000 cps. Frequency response is  flat within &5% to 1200 cps. 
Sensitivity, i s  17.5 ma/inch. Nominal coil resistance is  17 ohms. Maximum 
safe current i s  150 ma.,Following i s  a list of additional Galvanometers 
which are available from Sanborn for situations where the signal is  to be 
fed directly to the recorder: 2OOcps-9B-1 B, 500cps-98-1 C, 3,400cps-9B-1 D, 
10.000~p~-9B-l E, 4 0 ~ ~ s - 9 B - 1  F, bOcps-98-1 G, 1 OOCPS-~B-~ H, 150cp~-9B-11, 
~ O O C P S - ~ B - ~  K, 9OO~p~-98-1 1, 1,500~p~-98-1 N, 3,000cp~-PB-l P, 5 , 0 0 0 ~ ~ ~ -  
98-1 S, 8,000cps-98-1 T, 1,000cps-98-1 V. for further information on these 
additional Galvanometers, please contact your nearest HP field Office 
or contact Sanbarn Company directly. 

CONTROLS: Power ON/OFF, liming Interval Selector, Lamp Power 
Adjust, Lomp OFf/START, Paper footage Indicator, Event Marker, Paper 
Drive ON/OFF/JOG Pushbutton. All controls are an front panel. 

VIEWING: Calibrated periscope on front panel allows viewing the traces 
when recording or calibrating. 

DIMENSIONS: Recorder - 12Vz’high (317.5) x 16%’ (419, 1) deep x 
19” (482, 6) wide. Paper Take-Up - 5Yz” (139, 7) high x 12’ 1304, 8) 
deep x 19“ (482,6) wide. 

POWER: Recorder - 105 ta 125 volts, 60 cycles, 450 watts Paper 
Take-up - 105 to 125 rd ts ,  60 cycle, 195 watts ( I  15/230 vdt, 50 spa 
operation available on special order for both). 

WtlOHTl Roeordor - 90 (40,s) Ibr nmt, 150 (67, 5) Ibr gross 
Paper Take-up 28 (1 2,6)  Ibr net, 35 (IS, I ) )  Ibr gross 
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NOTE The cabinet which ir shown (Model 658-1400 used for up Io 16 chonnelr) hor 
toIal rack space Of 54%" (1374,7L CabiMI Model 656-1400 (used for up to 15 chan- 
mlsl ha1 an additional 10%" (270) of rack rpace. 7' (177, 8) of the additional spoce Is 
used far the 3rd amplifier. 

AMPLIFIER WEIGHT: 80 Ib (36) (658-2000, -2900, -29OOA, -34001, 85 Ib (38, 3) (658-1 100). 
AMPLIFIER SHIPPING WGT: 90 Ib (40, 5) (658-2000, -2900, -2900A, -3400), 95 Ib (47, 8) (658-1 100). 
AMPLIFIER COOLING: A minimum air flow of 20 CFM through the channel on the rear of the amplifier 
is required to keep the temperature of the amplifier within operating limits. When the amplifier or systems 
are purchased without a Sanborn cobinet and air-cooling blower, proper operational ambient temperature 
becomes the responsibility of the user. In such instances, and where the cabinet being used has sufficient 
depth (23 inches), Sanborn can install a blower an the rear of the amplifler for $145.00. To order an 
amplifier with this blower arsembled, simply add a "-3" after the amplifier model number. 7 ' 

SVSYEMS AVAILABLE 

Galvanometer Driver. ................. $~,OOO MODEL 656-1 100 6-channel Carrier.. 3,400 

RECORDERS: AMPLIFIERS (GENERAL PURPOSE) AMPLIFIER (CARRIER) 
MODEL 656-2000 6-ch0M.l . .  MODEL 4508A. 8 galvanometer block.. .$3.200 

MODEL 4514A 14 galvanometer black.. 3,300 
MODEL 4518A' 18 galvonomeler block.. 3,300 

*MODEL 4524A: 25 galvanomelor black. Z,4W 
Galvanometer Mad.( 9&1A (ZOO0 c p ~ ) .  .125 n. 
*25 galvas o n  avoilobh, on* may be driven 

directly OT wifh on exhmal amplifier. 

.... . 
MODEL 658-2000 8-chanml MODEL 658-1 100 8-channel Carrier.. 3,900 
Galvanometer Driver. 2,200 
MODEL 656-?PO0 6-chanml Low Galn.. 2,495 
MODEL 658-2900 8-charnel Low Gah. .  2,895 
MODEL 656-3100 6-chanml Medlum Galn 3,230 
MODEL 6585400 8-chaM.l Medium Gah 3.7m 

.... . ................. .. .. . .. 

PORTABLE S Y S T E M S  

Portable Recorder Carrying Case* 

DIMENSIONS: 20%" (512, 6) wide x 13%" (338) high x 17%" 
(450, 9) deep 
Shipping wt. (including recorder). . . . . . . . . . . . . . . .  (95,4) 212 Ib 

Model 650-1400.. $150 ................................. 

Portable Amplifier Carrying Case 
Model 858-1400.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DIMENSIONS: 22" (558, 8) wide x 7.h" (192, 6) high x 21 YZ'' 
(546,t) deep 
Shipping wt. (including amplifier). . . . . . . . . . . . . . . . . .  (63) 140 Ib 
*Portable case for recorder and Model 650-900 Paper Takeup 

$200 on special order. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

UPRIGHT CABINETS 

(Complete with Martor Control Panel and Blower System) 

Model 658-1400 (for up to 16 channels). . . . . . . . . . . . . . . .  .$SO 
Model 658-2400 (for up to 24 channels). . . . . . . . . . . . . . . .  . $a00 

RECORDING PAPER 

3A-26 200 ft Roll 
(standard base). ............................... $21.65 ea. 

(thin base). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.00 ea. 
3A-27 350 ft Roll 

DUMMY GALVANOMETERS 
A Dummy Galvanometer may be used for each 

unused position in the galvanometer block. A brass 
insert is provided at no charge for unfilled galvanometer 
positions. 
Model 98-1 R Dummy Galvanometer 
with mirror.. . ................................... .$33 ea. 
Model 98-1 W Dummy Galvonometer 
without mirror. .................................. $9.15 ea. 

PAPER TAKEUP 
Model 650-900 PTU. ................................. $570 

ALL PRICES F.O.B. WALTHAM. MASS. 
PRICES AND DATA SUBJECT T O  CHANGE WITHOUT NOTICE 

PRINTED IN U.S.A. 
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A P P E N D I X  V 

HOW TO MOVE AN OPTICAL FIELD ON A SAWTOOTH 
PATTERN AVOIDING ALTERNATING MOTION AND RETURN LOSSES 

The major d i f f i c u l t y  i n  the design of a f a s t  scanning in f r a red  microscope 
is t he  extremely low level of r ad ia t ing  energy emitted from the  t a rge t .  
Consequently, every e f f o r t  must be made t o  reduce the  lo s ses  (i.e., t o  
Increase the  e f f i c i ency)  of a l l  t he  elements of the  microscope. For the  
scanning system, t h e  maximum ef f ic iency  is obtained when the  motion of 
the  r e f l e c t i n g  sur faces  is l i n e a r  and no t i m e  i s  l o s t  f o r  t he  r e t u r n  
motion. For instance,  a system a f fec t ed  by both such lo s ses  is  the one 
shown i n  Figure 1. 

I 

I 

I 

FIG. - 1 

This system is composed of two f l a t  mirrors r i g i d l y  t i e d  together a t  90° 
angle. 
by one u n i t  i n  length produces a two u n i t  displacement of t h e  outgoing 
ray ,  without any change in o p t i c a l  path length (i.e., without s h i f t  of 
t h e  f o c a l  plane). 

It can be seen that a ho r i zon ta l  motion of t h i s  p a i r  of mirrors 

Such an o p t i c a l  arrangement could be used i n  a scanning 
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device, t o  move the o p t i c a l  f i e l d  back and f o r t h  without f o c a l  o r  d i s t o r -  
t i o n  aber ra t ions .  
t h e i r  speed cannot be l i nea r .  Also, if we want t o  achieve only unid i rec-  
t i o n a l  scanning the  r e tu rn  motion must be blanked out ,  with consequent 
loss of the  energy transmitted during t h i s  period of t i m e .  So, our prob- 
l e m  can be s t a t e d :  
assembly of two orthogonal mirror sur faces  and furthermore how t o  elimin- 
ate the t i m e  loss f o r  t h e i r  re turn  motion." 

But due t o  the f a c t  t h a t  the mir rors  are not weightless,  

"how t o  achieve a l i n e a r  speed f o r  the  motion of an 

Figure 2 shows the so lu t ion :  
s i d e  of t h e i r  ou te r  r i m s  two he l i co ida l  surfaces,  whose p i t ch  equals t he  
displacement t h a t  t he  mirrors must t r a v e l ,  as per  Figure 1. These h e l i -  
co ida l  surfaces are continuous, except f o r  one s ing le  s t e p ,  whose he ight  
equals t he  p i tch .  The two wheels are always ro t a t ing  i n  pe r fec t  synchro- 
nism, and we phased i n  such a way t h a t  the two s t eps  face each o the r  once 
every turn. I f  w e  observe the displacement of t he  r e f l e c t i n g  sur faces  i n  
t h e  plane passing through the  axes of r o t a t i o n  of both wheels, we no t i ce  
t h a t  f o r  every tu rn  ( s t a r t i n g  from the  pos i t i on  where the  two s t eps  are 
fac ing  each other) the  two r e f l e c t i n g  sur faces  move i n  the  X d i r e c t i o n  a t  
uniform speed ( fo r  uniform ro ta t iona l  speed of the wheels) and a t  t h e  end 
of a 360' revolution of the wheels they f l y  back i n  no time t o  the  s t a r t i n g  
posit ion.  

two r o t a t i n g  wheels have mounted on t h e  

I 
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This so lu t ion  allows us  t o  achieve a pe r fec t  sawtooth displacement of 
the  incoming o p t i c a l  ray, with l i n e a r  speed and zero r e t u r n  t i m e .  
incoming o p t i c a l  f i e l d  i s  composed of many rays ins tead  of a s i n g l e  one, 
t he  t i m e  l o s t  f o r  the r e tu rn  i s  equal t o  t h a t  f r a c t i o n  t h a t  i t  takes f o r  
t he  s t e p  i n  the  h e l i c a l  surface t o  cross the  whole o p t i c a l  beam. 

I f  t he  

Optical Di s to r t ion  of the  System 

For a s i n g l e  ray  there  i s  no d is tor t ion .  For an o p t i c a l  f i e l d  r e f l ec t ed  
by a f i n i t e  area of the  mirrors,  t h e r e  is  d i s t o r t i o n ,  due t o  the  f a c t  
t h a t  the h e l i c o i d a l  surfaces are not t r u e  planes. The amount of d i s t o r -  
t i o n  can be la rge ly  compensated by loca t ing  the  two h e l i c e s  i n  such a way 
t h a t  t he  outs ide  r i m  of one faces the  in s ide  r i m  of the  o ther ,  and vice 
versa. Extensive ca lcu la t ions  of the  r e s idua l  amount of d i s t o r t i o n  l e f t  
i n  t he  system under t h i s  configuration have been made and they show t h a t  
this quant i ty  can be controlled by the  r a t i o  between the  p i t ch  of t he  
h e l i c e s ,  t h e  diameter of the wheels and the  area in te rcepted  by the 
r e f l e c t e d  o p t i c a l  beam. 
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